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THE PRINCIPAL FINDINGS of the work reported herein are as follows:

(1) Current spares forecasting methodologies are peacetime, steady-
state oriented. They address primarily fi1l rate rather than system
availability objectives. They are cumbersome, fragmented, and slow.

(2) Five models were evaluated as candidate methodologies for fore-
casting wartime spares requirements. A complementary use of two of the
models, Overview and PARCOM, can provide quick (about a day) answers to
POM-related questions on wartime spares replenishment needs and costs
subject to flying hour and readiness objectives.

(3) Overview and PARCOM do not play "partial substitution," multi-
echelonment, or indenture; they have a Timited capability for playing
budget constraints; and they cannot make probability or confidence-limit
statements. These shortcomings are not considered critical to the spon-
sor's immediate objectives (quick turnaround analysis, requirements
approximations, and identification of problem parts).

(4) A third model, Dyna-METRIC, appears capable of more detailed
answers to a broader spectrum of questions than Overview and PARCOM, but
may have problems with theater-level representations. Time did not permit
testing Dyna-METRIC.

(5) Assuring the currency and validity of the data for input to the

models is essential and would be augmented by establishment of a central-
ized data base and data collection system.

THE MAIN ASSUMPTIONS were:

(1) That the estimates of repair times and order/ship time derived from
peacetime operations can be extrapolated to wartime values.

(2) That wartime logistics support will be provided as currently
planned.

(3) That, with expected warning times, aircraft availability at the
beginning of a war can be made to approach 100 percent, as required by the
models.

THE PRINCIPAL LIMITATION of the study was that the Rand-developed
Dyna-METRIC Model was not tested due to time constraints.




THE SCOPE OF THE STUDY addressed the effects of the Army aviation parts
supply system on the ability to achieve a postulated wartime flying pro-
gram. The study used the AH-1S helicopter fleet and spares inventory in a
European scenario as an illustrative case.

THE STUDY OBJECTIVES were:

(1) To examine the current methodology for forecasting spare parts re- .
quirements.

(2) To identify candidate predictive methodologies for relating air- e
craft parts requirements to wartime capability.

(3) To provide demonstration computer runs and analytical computations
to illustrate the possible methodologies.

THE BASIC APPROACH was to determine and screen alternative methodologies
and to select the most promising for demonstration. The demonstration
consisted in answering a test set of questions, to include:

(1) An assessment of the capability of the current parts inventory to
support a wartime flying hour program.

(2) An estimate of wartime spare requirements and their associated
costs.

(3) An estimate of the effects of variations in spare part funding on
the ability of the force to meet flying hour requirements throughout a
conflict.

THE REASON FOR PERFORMING THE STUDY was, mainly, to provide the Army with
an analytical tool for quick reaction, gross estimation of wartime spare
parts requirements and costs as they relate to flying hour and availability
objectives. An ability to identify problem parts and possible causes of
the problems was also desired.

»y

THE STUDY SPONSOR was the Deputy Chief of Staff for Logistics, Head-
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for Force Systems (CSCA-FS), US Army Concepts Analysis Agency, 8120 Wood-
mont Avenue, Bethesda, MD 20814. :
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AIRCRAFT SPARE STOCKAGE METHODOLOGY (AIRCRAFT SPARES) STUDY

CHAPTER 1
INTRODUCTION

1-1. PURPOSE. The purpose of this study was to provide the Army with a
methodology for determining wartime aircraft spare parts requirements in
relation to flying hour, aircraft availability, and cost objectives.

a. The Army has a limited methodology for relating required aircraft
spare parts_stockage levels to combat readiness and flying hour
capability;l but the calculation of spare parts requirements and of the
effects of budgeting changes has been primarily a peacetime-oriented
exercise and has been slow and cumbersome. The principal criterion for
spares stockage has been the achievement of acceptable stockout, or fill
rate, levels. To more realistically predict wartime spare parts
requirements, and to better justify budget requests for spare parts
procurement, the Army needs a more responsive methodology based on wartime
flying hour expectations and system readiness/availability requirements.

b. The study objectives, as set forth in the Study Directive (Appendix
B), were:

(1) Analyze and evaluate the current methodology for forecasting air-
craft spare parts requirements.

(2) Develop predictive methodologies to compute total aircraft spare
parts requirements in relation to readiness and flying hour objectives.

(3) Provide demonstration computer runs and/or analytical
computations, as appropriate, to illustrate the possible methodologies.

1-2. APPROACH

a. General. Both Army and Air Force current parts forecasting method-
ologies were examined. At the same time, several existing models were
evaluated, along with a model developed in-house, for their applicability
to wartime parts forecasting. The first model addressed by the study team,
Overview, was improved and tested. The in-house developed model, PARCOM,
was also tested. Two models, SESAME and ACIM, were judged to be inappli-
cable. A fifth model, Dyna-METRIC, was found possibly applicable, but was
encountered too late in the study for testing. The ability of the tested
models to answer relevant questions was demonstrated using the AH-1S heli-
copter fleet and spare parts information in a representative 120-day, Euro-
pean wartime scenario. Figure 1-1 portrays this approach, progressing from
the literature search through model development and test. A planned, sepa-
rate Overview enhancement contractual effort was also supported but has not
yet been implemented. '

1-1
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Figure 1-1. Study Methodology

b. Overview and PARCOM. In CAA's recent MAX FLY Study,Z Overview was
used in an assessment mode to determine the number of flying hours a fleet
of aircraft could obtain with a given starting inventory of spare parts.
To determine the additional parts required to meet a specified flying hour
objective, the model was rerun with a manually inserted increase in the
most critically short part, and the process repeated until no significant
shortages remained. For the Aircraft Spares Study, the above process was
automated and certain output features added. Concurrently, PARCOM (Parts
Requirements and Cost Model) was developed to determine spare parts
requirements for conditions not addressed by Overview. Working with both
models allowed the study team to compare their capabilities, determine
remaining shortcomings, and better understand the problems and phenomena of
concern.

c. Testing Overview and PARCOM. A set of questions (Table 1-1) was
posed to serve as a demonstration test for assessing model capabilities and
limitations. The set was designed to include the kinds of questions which
ODCSLOG might have to answer. The questions were to be addressed for both
full and no substitution parts replacement policies. One consequence of
the simulations and test efforts was a better understanding of the limita-
tions in the current version of Overview. This provided additional impetus
to the developmental effort on PARCOM as well as the pursuit of an Overview
enhancement effort. While the test results apply directly to the AH-1S
trial system, the developed methodology tools are applicable to other air-
craft systems as well.

1-2
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Table 1-1. Question Set for Demonstration Test

Typical flying hour based questions

e Assessment of current parts inventory

ee For how many consecutive days could the wartime flying hour program (FHP) be
fully met?

ee What fraction of the cumulative FHP objective could be achieved?
ee What would the current procurement costs of the inventory be?
e Requirements determinations

ee What is the minimum cost mix of parts required to achieve 100 percent of the
cumulative FHP?

-- What is the cost of those parts?
-«-= Which parts dominate the process? How?

-- What is the fractional increase in the cost of parts to achieve the
cumulative FHP?

ee For a given budget (say $10M) and FHP, what parts should be bought:
-- to maximize sustained performance?
-- to maximize cumulative flying hours?

e Marginal performance. What is the marginal improvement in cumulative FHP as
expenditures increase?

Typical aircraft availability questions

e Marginal performance. What is the marginal improvement in average availability
as expenditures increase?

e Daily availability goal. What is the cost of meeting an additional objective
of at least 85 (or some other) percent availability every day of the FHP?

e Average availability goal. What is the cost of meeting 85 (or some other)
percent average availability while meeting the FHP?

1-3
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1-3. MEASURES OF EFFECTIVENESS

a. Aircraft Availability. Readiness and combat readiness are measured
in terms of operational availability, uniquely defined, for the purposes of
this study, as the fraction of the aircraft fleet that, at any specified
time, will not be limited by a lack of parts from taking off and completing
an operational mission. Also, the average value of this fraction over some
period of time may be cited. Availability restrictions due to maintenance
shortfalls (facilities or manpower) are not directly addressed.

b. Flying Hour Capability. This term reflects the ability of the on-
hand aircraft fleet to meet a specified daily and/or cumulative flying hour
program (FHP) or requirement. It can be measured by:

(1) Number of consecutive days from some prescribed starting time
that the fleet can meet 100 percent of the daily flying hour requirement.

(2) Percent of the cumulative FHP that the fleet can meet while
attempting to meet the daily FHP.

1-4. ESSENTIAL ELEMENTS OF ANALYSIS (EEA). From the Study Directive, the
listed EEA were as follows:

a. MWhat is the current methodology for forecasting aircraft spare parts
requirements?

b. How well do current methods predict aircraft spare parts
requirements?

c. At what Tocations or in which types of units are parts currently
stored?

d. What alternative modeling approaches have potential for improving
the prediction of spare parts requirements?

e. What alternative analytical solution methods have potential for im-
proving the prediction of spare parts requirements?

f. What are the types of data required for each potential predictive
methodology?

g. Is required data readily available for use?
h. If data is not readily available, how can it be collected?

1. What procedure should be used to evaluate the alternative predictive
methodologies and select the one most suited to the Army's needs?

1-4
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1-5. GUIDE TO THE REMAINDER OF THE REPORT. Chapters 2 and 3 describe and
assess the Army and Air Force methodologies for aircraft spares fore-
casting. The models considered either as current or future candidates for
parts requirements forecasting or analysis are reviewed and evaluated in
Chapter 4, along with their data requirements and the criteria for model
selection. The application and test of the two models adopted and

developed for this study are addressed in Chapter 5. Chapter 6 summarizes
the study findings and recommendations.

1-5
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CHAPTER 2
ARMY METHODOLOGY

2-1. GENERAL

a. Governing Regulations. Policy and procedural guidance for the
Army's inventory management efforts is largely contained in two
regulations:

e AR 710-1 Centralized Inventory Management of the Army Supply System
® AR 710-2 Supply Policy Below the Wholesale Level

(1) AR 710-1 establishes responsibilities and procedures for central-
ized inventory management of Army materiel by the Major Subordinate
Commands (MSC) of the US Army Materiel Development and Readiness Command
(DARCOM). The US Army Aviation Systems Command (AVSCOM) in St. Louis,
Missouri, is the DARCOM MSC with primary responsibility for management of
aircraft spare parts. Army wholesale policy for computing peacetime
requirements for secondary items of supply is described in Chapter 4 of AR
710-1. Unclassified procedures for computation of war reserve requirements
are contained in Chapter 8, AR 710-1. Reference to the classified Defense
Consolidated Guidance and AR 11-11 (Army Programs, War Reserves) is also
required for war reserve computations.

(2) AR 710-2 prescribes supply procedures to be used at the retail
level, including methods for determining authorized stockage 1ists and ap-
propriate stockage levels.

b. Maintenance System Structure. Figure 2-1 illustrates the
interaction of supply, maintenance, and industrial activities within the
aircraft parts logistics system.

(1) Parts Storage Locations. Aircraft spare parts are stored with
using units at the Aviation Unit Maintenance (AVUM) and the Aviation Inter-
mediate Maintenance (AVIM) levels. Aircraft spare parts are stored in var-
ious CONUS depots for shipment to users upon requisition. Additionally,
war reserve parts are stored in various CONUS depots or prepositioned in
the appropriate theater.

2-1
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(2) Participating Organizations and Responsibilities. AVUM facilities
are organic to the lower echelon aviation units which actually fly and main-
tain the Army's aircraft. These user units stock a prescribed load Tist
(PLL) of repair parts at the AVUM level. PLLs are sized to sustain the
unit's anticipated wartime flight operations for a specified number of days
(usually 15). Stockage levels and reordering procedures are governed by AR
710-2. AVIM units develop their own authorized stockage 1ists (ASL) based
on demands for parts received from supported AVUM units and from their own
AVIM operations. AVIM ASLs are exclusive of subordinate unit PSLs. The
development of ASLs is also governed by AR 710-2. Part types are selected
for PLL and ASL stockage based upon a combination of experienced demand
frequency and mission essentiality. The AVIM/AVUM (retail) parts require-
ments are supported by stocks maintained in supply depots (wholesale) in
CONUS. Automated inventory management techniques are employed by AVSCOM to
authorize and record fill of retail requisitions by the appropriate wholesale
depot. Depot stocks are replenished through procurement of new parts or
repair of returned unserviceables.

(3) Item vis-a-vis System Management. The AVSCOM item manager is
primarily responsible for ensuring that the Army has enough of the parts
managed on hand to fill an established supply availability goal. AVSCOM
weapons system managers strive to ensure the operational availability of
their weapon systems. They provide necessary information on density, usage,
deployment dates, costs, and other system related data which is used by the
item manager in the automated forecast of spare parts requirements. Weapons
system managers in turn monitor requirements forecasts and identify potential
inaccuracies, based upon most current information, which could affect the
readiness of their weapon system. The item manager and the weapons system
manager work together to ensure that spare parts requirements forecasts
based on past demand appropriately reflect future weapons system employment
plans.

c. Areas of Consideration

(1) Peacetime versus Wartime. Peacetime requirements for spare parts
are computed based upon experienced annual demand and projected peacetime
usage. AVSCOM uses an automated system of data bases and models to fore-
cast these requirements, and bases its computations on a supply avail-
ability goal. Wartime requirements are computed and funded separately from
peacetime requirements, and address those parts required to sustain the
force during the initial stages of war until lines of communication and
supply can be established. The primary consideration for peacetime
requirements is meeting supply availability goals, while that for war
reserve requirements is meeting sustainability goals.

(2) Initial Provisioning versus Replenishment. Computation of the
spare parts requirement for initial provisioning of new weapons systems is
necessarily based on less concrete data than is that for replenishment
parts for already fielded systems. No demand history has yet been
developed, so engineering estimates of parts failure factors are used
instead. In many cases, all the parts to be included in the new aircraft
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have not been fully identified, and their cost must be extrapolated from
that of a list of major assemblies. AVSCOM has an automated capability to
compute initial provisioning requirements based on these projected data.
Over the first 2 years of a system's life, actual demand data is accumulated
and given increasing weight in spare parts management decisions. After a
system has been fielded for 2 years, its replenishment spare parts require-
ments are computed using actual demand data to the maximum extent possible.

(3) Retail versus Wholesale. The Army splits its inventory management
into "retail" and "wholesale" activities. In the aviation logistics context,
AVUM- and AVIM-level parts stockages are termed "retail," while those at
the depot level are termed "wholesale." The methodologies used to compute
spare parts requirements for the retail and wholesale levels are entirely
different and essentially unrelated. Retail stockage levels are computed
and authorized based upon a combination of demand experience, combat essen-
tiality, and mobility requirements. AR 710-2 establishes computational
procedures used by retail parts managers to determine their stockage levels
and appropriate reorder points. Wholesale parts requirements are computed
based upon average monthly demand experienced at the wholesale level. Whole-
sale item managers have little visibility of retail spare parts postures or
weapons system availabilities. Rather, wholesale parts are procured or
repaired at rates calculated to achieve a chosen demand satisfaction per-
centage without backorders.

(4) Programing versus Execution. AVSCOM computes wholesale Tlevel
aircraft spare parts requirements for programing purposes twice annually
for input into the Army's Program Objective Memorandum (POM) and budget
developments. Programing requirements are computed using a mix of actual
demand and estimated failure factors applied against projected weapons sys-
tem densities. Execution requirements are computed using the same method-
ology, but with a differing frequency, based upon the projected annual
procurement cost of a given part. AR 710-1 specifies cost criteria for
determining the frequency of these Supply Control Studies (SCS). The item
manager uses SCS recommended "buy" and/or "repair" quantities to assist him
in maintaining stockage levels which are consistent with a stated supply
availability goal.

(5) Fil1 Rate versus System Availability Criteria. AVSCOM computes
spare parts requirements with the objective of achieving a target fill rate.
Its goal is to fill a selected percentage of all demands received without
having to backorder parts. The item manager does not base his parts manage-
ment decisions on weapons system availability and, in fact, has little or -
no visibility of this retail level criterion. While models have been de-
veloped which forecast parts requirements and recommend cost-optimized parts
stockage mixes to achieve target weapons system availabilities, none is
currently in use at AVSCOM. Department of Defense (DOD) has expressed its
support for implementation of system availability-driven parts requirements
computation methodologies in all the armed services.3 The primary diffi-
culty for the Army is the collection of accurate data to drive such automated
models.
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d. Similarity of Aircraft and Other Spares Procurement. ELach of the
MSCs uses the Commodity Command Standard System (CCSS) to meet its

inventory management responsibilities. The processes used are essentially
the same for all types of spares.

2-2. CURRENT PROCEDURES. Aidrcraft spare parts which are secondary
items--both Army Stock Fund (ASF) purchased and Procurement Appropriation,
o~ Army, Secondary Items (PAA-2) funded--are managed through the CCSS, the
standard data processing and Togistics management system used throughout
DARCOM. The CCSS consists of a number of data bases and computational
U *  programs and is maintained for DARCOM by the Automated Logistics Management
Systems Activity (ALMSA), St. Louis, Missouri.

a. Peacetime Requirements. Figure 2-2 illustrates the methodology used
for computing the peacetime aircraft spares requirement.
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Figure 2-2. Peacetime Requirement Methodology
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(1) Initial Provisioning. Each program manager must ensure that suf-
ficient quantities of spare parts are programed for and procured to support
a new system during its first 2 years in the field. Requirements must be
calculated early in the life cycle management process to allow sufficient
time for funds to be programed, contracts to be let, and parts to be re-
ceived prior to a system's fielding date. Current policy requires that 100
percent of the AVUM and AVIM requirement be on hand in using units 90 days

prior to fielding, while 90 percent of the wholesale requirement must be on.

hand in depot stocks by the fielding date. Spare parts requirements are
projected for a system's first 2 years in the field using a subelement of
CCSS called the Automated Requirements Computation System for Initial
Provisioning (ARCSIP). ARCSIP combines information such as engineers'
estimates of failure factors, projected flying hour programs, system
fielding dates, and quantities to be fielded to arrive at estimates of the
spare part requirement over the first 2 years of a system's life. As the
first 2 years go by, demand information begins to be accumulated as parts
are ordered from the field. A weighted mix of actual demand rates and
failure factors is used during the first 2 years after a system is fielded,
with actual demands gradually increasing in weight until, at the end of 2
years, they form the complete basis for spare parts requirements computa-
tions. ARCSIP uses the Provisioning Master Record (PMR) as its primary
source of data. The PMR is a file within CCSS which is built through
requirements placed on the vendor by contract. The most important type of
data in the PMR is the failure factor (number of failures/100 end
items/year), but 166 other data items are included as well for each part.
The Program Data File (PDF) is another important data source for ARCSIP; it
contains projected deployment dates, quantities of systems to be fielded,
and standard usage rate modifiers to compensate for different levels of
usage in different theaters. ARCSIP uses these data to project retail and
wholesale repair parts quantities (known as "pipeline") required, by
quarter and fiscal year, as well as the demand rate which will be
experienced at the wholesale level (failures not repaired in the field).
These pipeline requirements and demand rates are converted to average
monthly demand and placed into the National Stock Number Master Data Record
(NSNMDR) after the system is fielded.

(2) Replenishment Spares. The period after the initial 2 years from
fielding is called the replenishment stage of a weapon system's life. ODur-
ing the replenishment stage, aircraft spare parts requirements are
projected using the Requirements Determination and Execution System (RDES)
of the CCSS. The RDES uses average monthly demands (AMD) as the basis for
its computations rather than engineers' estimates of failure factors. The
AMD 1is considered in conjunction with assets on hand and all projected lead
times (administrative, production, safety levels, etc.) to determine recom-
mended frequency and quantity of procurement and/or repair of spare parts.
For each part, the RDES produces a Supply Control Study (SCS) which is
given to the appropriate item manager as an advisory document. The SCS
specifies on-hand quantities, the normally requested quantities, and how
many to buy and/or repair based on corresponding assets on hand, lead
times, projected usage rates, etc. The RDES is supported by a number of
data bases within CCSS including the Demand/Return/Disposal (DRD) File
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and the PDF. The DRD is a record of all transactions on AVSCOM-managed
items over the most recent 2-year period, and is the source of demand data
for the RDES. In addition to providing the previously described data used
by ARCSIP in initial provisioning computations, the PDF maintains a 5-year
record of the flying hours and support items needed by helicopter type, for
fielded systems. These data are combined with projected usage factors to
predict replenishment requirements over the next 7 years.

b. Wartime Requirements

(1) Based on a review of current literature (for example, FM 100-16,
Support Operations: Echelons Above Corps), management of aircraft spare
parts during wartime is expected to follow established peacetime
procedures. Budgeting and execution processes will continue to be demand
based, with the increased wartime requirements incorporated by employment
of appropriately scaled usage factors in the CCSS process. Increases in
manpower and application of industrial assets will be made during wartime
in response to accelerated demands for spare parts. Once these increases
are in place and conditions have stabilized at wartime levels, the same
inventory management procedures as used in peacetime are expected to
satisfy wartime parts requirements. However, there will be a period of
time at the beginning of the war during which demands will exceed the capa-
bility of the resupply system. Lines of communication will be disrupted,
while parts requirements will be suddenly increased. The establishment of
a war reserve stockage is required to ensure that the force can sustain
increased mission levels during the initial stages of war until normal re-
supply can be effected. Figure 2-3 illustrates the methodology used to
compute the war reserve aircraft spare parts requirement.
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Figure 2-3. War Reserve Requirement Methodology
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(2) Computation of the war reserve requirement for aircraft spare
parts is an annual AVSCOM responsibility which requires three main factors:

(a) Aircraft Densities and Deployment Dates. These dates are ex-
tracted from the ODCSOPS Logistics Structure and Computation System
(LOGSACS) tape by the Depot Systems Command (DESCOM), an MSC of DARCOM.

The LOGSACS tape lists units, equipment, and strengths to be deployed by
day in selected wartime scenarios. DESCOM "filters" the equipment Tisted
through the War Reserve Stockage List (WARSL) (SB 700-40) to determine
which items are authorized for stockage in war reserves. The aircraft and
associated secondary items listed in the WARSL are identified and the
LOGSACS densities and deployment dates for those equipments are provided to
AVSCOM. AVSCOM analysts may amend density data if they have access to more
recent information. AVSCOM then determines which parts are necessary to
support the listed aircraft and secondary items.

(b) Attrition/Failure Factors. Aircraft attrition factors are pro-
vided by ODCSOPS. Parts failure factors and demand data are extracted from
appropriate CCSS data bases at AVSCOM. These demand rates are increased by
multiplicative combat factors developed by ODCSLOG to appropriately reflect
increased failures under wartime conditions.

(c) The Period of Time for Which a Force is to be Supported. This
classified information is extracted from the Defense Consolidated Guidance
and AR 11-11.

(3) War reserve requirements are computed in the following manner:

(a) Day-by-day item densities are determined from the LOGSACS. Ex-
pected attrition rates are applied and daily usage is estimated.

(b) Failure rates are appropriately adjusted for combat conditions
and applied to the equipment density/usage data, producing a daily require-
ment for the item being examined.

(c) This process is repeated for each day of war to be supported by
war reserves, then each day's requirements are summed to estimate the over-
all war reserve requirement.

(4) AVSCOM provides its derived war reserve parts requirement to each
supported major Army command (MACOM) for validation. Validated require-
ments are then included in appropriate program and budget inputs by AVSCOM
and each MACOM.

(5) War reserve requirements are computed and programed separately
from requirements for peacetime operating stocks. Historically, only a
small percentage of the forecast requirement has been funded and procured.
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2-3. DEVELOPMENTAL PROCEDURES. The Defense Guidance published in March
1982 contained the following paragraph on page 75:

"(U) Our objective is to size and fund peacetime operating stocks (P0S)
secondary item inventories to support programed weapons systems availa-
bility rates and operating tempos. Since analytic methodologies to
achieve this do not exist, the services will develop and institute, by
end FY 1985, the ability to size weapon system initial and replenishment
secondary item inventories to meet explicit weapon system availability
and operating tempo objectives."

A 10 March 1982 memorandum signed by Principal Deputy Assistant Secretary
of Defense Juliano, Office of Manpower, Reserve Affairs and Logistics, sub-
ject: Consideration of End Item Readiness in Inventory Management, stated
in part:

"The traditional approaches to determining inventory levels and measur-
ing supply performance have been related to the satisfaction of demands
for items of supply. Such approaches do not normally identify the
degree to which various secondary items contribute to the operational
availability of weapon systems. We are now attempting to relate
stockage decisions to the effect they have on weapon system readiness.
This concept represents a significant departure from traditional supply
management in that it shifts the materiel manager's concern from jtem-
oriented inventory performance to weapon system performance. Adoption
of the concept will mean a move toward visibility and management of
spare and repair parts requirements by weapon system. The Army, Navy,
and Air Force are in various stages of using sparing-to-availability
models to compute spare parts requirements for selected weapons
systems."

The spare parts requirements forecasting methodologies currently in use at
AVSCOM continue to use supply availability goals rather than weapons system
availability goals. That is, the current goal is to fill a selected per-
centage of requisitions without having to backorder parts, rather than to
fill those requisitions which will maintain the operational availability of
the Army's helicopters at or above selected levels. However, the Inventory
Research Office (IR0O), a subelement of the Army Materiel Systems Analysis
Activity (AMSAA), has developed the Selected Essential-Item Stockage for
Availability Method (SESAME) Model, which has the capability to generate
spare parts mixes which maximize weapons system availability over time
under given cost constraints. SESAME is an automated program currently
associated primarily with provisioning of systems/end items scheduled for
introduction into the Army's inventory (as in Figure 2-2). It is a DA-
approved model that has two primary applications: the budget forecast
application, which includes peacetime and war reserve requirements, and the
essential repair parts stockage 1ist (ERPSL) application. Because of the
high cost associated with sparing to availability, DA approval is currently
required before ERPSL outputs (derived using weapons system availability as
a goal) can be used in the provisioning process. However, because SESAME
is a DA-approved model with a degree of interoperability with CCSS, it may
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play a larger role in the Army's peacetime spare parts requirements deter-
mination, as the process evolves toward an operational availability-based
system. Its applicability for generating wartime aircraft spares require-
ments will be discussed later in this report. Other sparing-to-
availability models have been developed by civilian firms for Service use,
including the Rand Corporation's Dyna-METRIC Model and CACI's Availability
Centered Inventory Model (ACIM). Synergy, Inc. has developed the Overview
Model, which can be used to assess flying hour capabilities given any parts
mix, and to generate parts requirements to achieve improved performance.
Each of these models was examined in this study to assess its applicability
to the Army's wartime aircraft spare parts requirements determination
process. Results of these assessments are presented later in this report.

2-4. ARMY METHODOLOGY SUMMARY. The Army's current process for computing
aircraft spares requirements is directed toward f11]1ng a target percentage
of requisitions without backorders. The target is an average of the fill
rates for each item managed by AVSCOM. Weapon system availability is not a
management objective in the current process. AVSCOM uses the automated
CCSS, which combines information on past demands, projected item usage, and
app11cab1e leadtimes to derive future wholesale requirements. Retail level
(AVIM and AVUM) stockages are authorized and ordered based on experienced
demand, anticipated use, estimated order/ship times, and combat
essentiality. Aircraft spare parts requirements for war reserve stocks are
determined for authorized items using peacetime demand rates which have
been adjusted for selected wartime scenarios, and are computed and funded
separately from peacetime operating stock requirements. AVSCOM currently
lacks the capability to relate its derived parts stockage requirements to
weapons system availability or to combat sustainability. The current
system lacks the capability to estimate effects of varied funding levels on
the Army's flying capability and, therefore, cannot be responsive to the
types of readiness and sustainability questions which often arise during
the programing cycle. There are a number of existing availability-based
models which have potential for Army use. A selection of these models is
assessed in later chapters of this report.
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CHAPTER 3
AIR FORCE METHODOLOGY

3-1. INTRODUCTION. This chapter describes the methods used by the Air
Force to forecast aircraft spare parts requirements. First current and
then planned Air Force methods are discussed, using as the principal source
extracts from a Rand report written by Dr. J. H. Bige]ow.4 The chapter
concludes by discussing Air Force applications of the Overview Model.

a. Expendables. Air Force items of inventory are classified as either
expendables or recoverables. Expendables are, typically, low cost items
which are consumed in use. Usually, failed expendables are physically or
economically infeasible to repair. Expendables lose their self-identity
when installed on higher assemblies. Air Force forecasting of expendable
spare parts requirements is based upon demand. Since the procurement of
expendables is not a principal subject of this study, it is not treated
further in this chapter.

b. Recoverables. Recoverables are, typically, high cost items which
are not consumed in use. Failed recoverables usually are mechanically and
economically feasible to repair. They retain their self-identity when in
use, and are items such as radios and radar units. The Air Force uses dif-
ferent subsystems of the same overall requirements determination system to
forecast peacetime and wartime recoverable component (spare parts) require-
ments. The current methods are described next, followed by a discussion of
their shortcomings and planned improvements.

3-2. CURRENT PROCEDURES
a. The Component Support System

_ (1) Hierarchical Structure. The world of recoverable components may
be represented as two interacting hierarchical structures. One, the inden-
ture structure, relates components to aircraft. The other, the component
support structure, describes the flow of components through the logistics
system, which is composed of maintenance and supply functions, and the
transportation system, which moves components from place to place. Figure
3-1 depicts both interacting hierarchies in a single diagram.

(2) Components and Subcomponents. Aircraft are composed of
components, which in turn may be composed of subcomponents. Examples of
components are guns, gunnery and bombing fire control systems, structural
components (such as bulkheads and canopies), control surfaces (such as
stabilizers), landing gear struts, wheels and brakes, jet engine components
(such as fuel control assemblies, fan blades, pumps, and valves), radars,
and navigational instruments. An aircraft is typically composed of
thousands of components and subcomponents.
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Figure 3-1. The Component Support System

(3) Treatment of Failures

(a) Removal, Replacement, and Repair. If all its components and
subcomponents are operating satisfactorily, an aircraft is termed fully
mission capable for supply (FMCS). (It might not actually be mission
capable, due to a need for maintenance, for example; but in this report,
only the effects of component supplies on aircraft status are considered.)
Failed components are discovered, removed, and replaced (if replacement
stock is available) at the flight line of Figure 3-1, and the failed
component is sent to a shop at an intermediate level maintenance (ILM)
facility for repair (shown as two columns of bubbles in the center of
Figure 3-1). The removal and replacement of components at the flight line
is called organizational maintenance. Together, organizational and inter-
mediate maintenance are abbreviated as OIM. If no replacement is available
for a component removed from an aircraft, a "hole" is created and, until a
replacement can be obtained from another.location, or--if permitted--by
cannibalizing another aircraft that is missing a different component, the
aircraft will be not mission capable due to supply (NMCS), and will be
nable to fly any mission for which the missing component is essential.
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(b) Component Failures. At the ILM, the failed component is sched-
uled into the repair process. During repair, it may be found that one or
more of its subcomponents are defective. They will be removed, and the
resulting "holes" in the parent component will be filled by replacement
subcomponents, if available, or by cannibalizing other components at the
ILM, if they are available and cannibalization is allowed. If subcom-
ponents cannot be obtained from either of these sources, the parent com-
ponent must remain in awaiting parts (AWP) status until subcomponents can
be obtained from another location.

(c) Subcomponent Failures. Meanwhile, the defective subcomponents
may themselves enter the repair process at the ILM, and failed sub-subcom-
ponents may be discovered. There is no theoretical 1imit to the number of
levels of indenture that can be considered, but at the ILM it is not common
to encounter more than two levels. (Note the similarity between an aircraft
and its components at the flightline and a component and its subcomponents
at the ILM. In both cases there is a need for replacement stock; cannibali-
zation is a potential source of supply; and the penalty for having too 1it-
tle supply is a nonoperable hulk--an NMCS aircraft in the one case, and an
AWP component in the other.)

(4) Indenture Structure. It is important to distinguish between the
indenture structure as described by engineering drawings of an aircraft and
that implied by maintenance practices. For example, the engineering drawings
of the C-5A nose landing gear show that a component called an arm assembly
is a subcomponent of the nose strut. But the organizational maintenance
crew will often remove the arm assembly directly from the aircraft; they
will rarely remove the entire strut and send it to the ILM to have the arm
assembly taken off. This distinction between two kinds of indenture is
recognized in the terminologies used; there are line replaceable units, or
LRU, that are removed and replaced at the flightline, and shop replaceable
units, or SRU, that may be detached from their parent components at the ILM
but not at the flightline. For stockage analysis, the indenture structure
defined by maintenance practices is the one of interest.

(5) Echelon Structure

(a) Organizational, Intermediate, and Wholesale. The most usual
topology for the component support structure has three echelons, which are
connected by transportation links. The first echelon is organizational
maintenance at the flightline (Figure 3-1). The flightline is supported by
a usually collocated ILM and supply point, which is the second echelon of
Figure 3-1. Any support that the ILM cannot provide--e.g., if a component
is beyond repair by the means available at an ILM--must be provided by the
wholesale part of the system, the third echelon of Figure 3-1. The whole-
sale echelon, like the echelon before it, consists of a supply function
(wholesale supply) and a repair function (depot level repair). As at the
ILM, the indenture structure affects activity at the wholesale echelon; a
component in repair at the depot may yield failed subcomponents. The depot
generally. carries repair to deeper levels of indenture than the ILM.
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(b) Linkage. Echelon one is connected to echelon two, and echelon
two to echelon three, by transportation links in both directions. The times
required for components to traverse these links are understood to include
administrative delays as well as the time used actually moving items from
place to place. (Indeed, the administrative delays typically account for
the Tlion's share of the total "transportation" time.) The links from
echelon one to two, and from two to three, carry failed (repairable) com-
ponents; the links in the other direction carry serviceable components.

(c) PACOM Exception. Other topologies are possible, even encoun-
tered. In the Air Force Pacific Command, the individual bases have surren-
dered most of their ILM capability to a centralized intermediate repair
facility (CIRF). Because some capability remains at each flightline, this
has the effect of adding a fourth echelon to the system. Other arrangements
can be readily imagined. '

(d) Stockage - Pipeline, Safety, and War Reserve. To work smoothly,
this system must have sufficient stocks to fill the transportation and re-
pair "pipelines," and to provide contingency stocks--a "safety level"--
against periods of unexpectedly high demands. The system must also own war
reserve stockpiles at the flightline and retail echelon (prepositioned war
reserve materiel, PWRM) and at the wholesale echelon (other war reserve
materiel, OWRM) from which demands can be satisfied while the wartime pipe-
Tines are filling. Losses of components through condemnation and increases
in pipeline requirements due to changes in flying activity will periodi-
cally necessitate the purchase of new components. The system must also be
able to transport and repair components as needed to meet demands at the
flightline.

b. Day-to-day Management

(1) Description. The day-to-day management of the component support
system is now considered. In the Air Force there are "item managers" who
are responsible for the day-to-day management of individual components, and
"system managers" who are responsible (in some ways) for day-to-day manage-
ment of weapon systems. The item manager relies on a huge computerized
data system known as DO4l. The purpose of the D04l system is to estimate
the number of each component that should be repaired at the depot, the num-
ber that should be bought, and the number that should be disposed of, at
various times in the future. Each quarter, D04l projects required purchases
and depot level repairs of each item between 2-1/2 and 3-1/4 years into the
future, the length depending on the quarter. The requirements for each
component are based on programed future activity rates and on factors such
as demands per unit of activity and repair times. Factor values may be
standards, historically observed values, or forecasts. Future activities
and programed capabilities that may generate demands for components include
peacetime flying hours and wartime planning scenarios (established by HQ
USAF), as well as programed depot maintenance (PDM) of aircraft, and engine
overhaul programs (maintained by the Air Logistics Centers, ALC).
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(2) Computation Qutline and Operating Requirements. In broad
outline, the computation method is as follows. First the gross requirement
for reserviceable components is calculated at all times of interest. The
gross requirement for a particular component consists of five different
kinds of quantities: operating requirements, pipeline requirements, safety
levels, war reserve requirements, and additive requirements as shown in
Figure 3-2. Operating requirements consist of the number of components
that fail during an interval of time and which must be replaced by
serviceable components. Operating requirements accumulate over time as
more and more components fail; but most failed components can be repaired
and returned to service. Thus, operating requirements measure the rate at
which the components will circulate through the system.
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(3) Pipeline Requirements. Peacetime pipeline requirements consist of
the number of components expected to be in the various transportation and
repair pipelines during peacetime. Safety levels are provided because the
pipeline contents vary randomly, and sometimes exceed the expected number.
[f there were no safety stock and the pipelines temporarily contained more
components than expected, the incremental stock would have to be taken from
war reserves or from aircraft. Safety stock cannot prevent this alto-
gether, but can reduce its frequency of occurrence.

(4) War Reserve. In the event of war, demands for many components
are expected to increase beyond peacetime levels, and wartime pipelines
will be larger than their peacetime counterparts. War reserve stocks pro-
vide the incremental stock needed to fill the wartime pipelines, and to
satisfy demand during the interval when the pipelines are filling.

(5) Additive Requirements. Finally, additive requirements consist of
all requirements not identified as belonging in one of the previous cate-
gories. They include requirements to support foreign military sales (FMS),
special training programs, interservice agreements, etc.

(6) Time Related Requirements. The total gross requirement is calcu-
lated for each quarter of each year in the D04l projection. Serviceable
assets are subtracted from the gross requirements. Unserviceable assets
which can be repaired are also subtracted. On-order assets are the last
resources to be subtracted. If requirements still remain after the three
subtractions, buy orders must be placed, with appropriate lead times, to
meet them.

(7) Quarterly D041 Results. D041 is run twice during each quarterly
exercise. The first time it is run, the results are passed out to the in-
dividual item managers for review. They have about one month to locate
errors and to revise the forecast values of the various factors, such as
demands per flying hour, condemnation rates, etc., on which the require-
ments depend. Each suggested change is scrutinized by several people and,
if it passes scrutiny, is entered into the D041 data base. D041 is then
run a second time, using the updated data base; these are the D041 results
that are used in managing components.

(8) Planning, Programing, Budgeting, and Execution System (PPBES)
Input. Both the buy and repair requirements are produced in two forms:
they are presented to each item manager for the individual jtems he
manages; and they are produced in an aggregate form called the central
secondary item stratification (CSIS), which by DOD instruction is a
required input into the PPBES.

c. Shortcomings

(1) Fragmented. When considered solely as a system for assisting
day-to-day management of components, D041 has a number of shortcomings.
One Tlies in the fragmented nature of the computation. Prepositioned war
reserve requirements are computed in the D029 system, which is separate
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from D041. Other war reserve requirements are computed in a model called
LOGRAMS. D041 calculates pipeline requirements and safety levels, and com-
bines them with the quantities obtained elsewhere. It is clear that when
requirements are calculated by such a widely distributed process, there is
increased risk that something will "fall between the cracks." Consistency

in assumptions from one part of the computation to another is hard to main-
tain.

(2) Cumbersome. A second shortcoming of D041 is its cumbersome
nature. The system, and any replacement system, will need access to so
much data, and this data will require so much effort for collection and
verification that the system can never be very responsive. The quarterly
cycle for updating the data base and computing new requirements estimates
will always take weeks or months; but, a real-time capability could be
added to simulate individual items, and historical data could be retained
to make possible statistical and other analyses of individual items.

(3) System Availability Not Assessed. A third shortcoming, one more
susceptible to correction, is the inability of the present system to target
buy and repair recommendations at individual weapon systems. The recom-
mendations are made item by item and, early in the computation, the link
between item and weapon system is lost. Moreover, the recommendation is
based on a fill rate criterion (i.e., likelihood that a requisition can be
filled immediately upon receipt), which, if followed, may enable the
support system to achieve exemplary fill rates but mediocre aircraft
performance.

3-3. DEVELOPMENTAL PROCEDURES - WARTIME ASSESSMENT AND REQUIREMENTS SYSTEM

a. Simplification and Consolidation. The fragmented and cumbersome
nature of D041 can only be corrected in the long term; no “"quick fix" is
possible. A remedy is currently being developed by the Air Force--
WARS/RDB, the Wartime Assessment and Requirements System and the Require-
ments Data Base. Air Force Logistics Command's (AFLC) present position is
that WARS will only be used to calculate war reserve requirements and D041
will continue to compute the peacetime requirements. WARS treats all
scenarios in the same way, whether peacetime or wartime, so there are two
parallel systems. WARS is capable of running a wartime scenario to esti-
mate a total requirement for wartime and, separately, a peacetime scenario,
to compute the peacetime portion of the requirement. War reserve materiel
can be taken as the difference. WARS also distinguishes between loca-
tions--flightline, ILM, wholesale--and positions the stock where it is
needed, so there is no need to compute PWRM separately from OWRM as the
present system does.

b. Meeting System Availability Objectives. WARS is also designed to
compute requirements to meet aircraft availability objectives stated for
different times in the planning scenarijo. These objectives will be stated
separately for each weapon system, so the buy and repair recommendations of
WARS can be targeted at specific weapon systems. Thus, the replacement of
D041 by WARS will address two of the three identified shortcomings--
fragmentation and nonconsideration of availability.
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c. Automated Data Processing Equipment. If AFLC is able to obtain new
automated data processing equipment, and to configure the WARS software to
take advantage of its capabilities, then WARS also can be made less cumber-
some than the present system.

3-4. USE OF OVERVIEW

a. Relating Inventory to Performance. The Logistics Concepts Division
in the Office of the Deputy Chief of Staff for Logistics and Engineering,
USAF (AF/LEXY), had the Overview Model developed to permit them to respond
rapidly to budget and POM questions. Toward this end, the output of the
Overview Model relates funding for spares directly to increased wartime
capability for aircraft. In Figure 3-3, for example, the area under the
solid curve represents the projected wartime flying hour requirement for
the F-XX aircraft for the first 80 days of war. That portion of the war-
time flying hour requirement supportable by parts on hand in FY 81 is
represented by the area under the "parts on hand now" curve. The FY 83
budget provided increased funding for aircraft spares, which led to an
associated increase in flying hour capability as represented by the area
between the "parts on hand now" and the "FY 83" curves. This Overview
capability provides useful information for funding decisions and allows buy
and repair recommendations to be targeted at specific weapon systems.
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Figure 3-3. F-XX Capdbi]ity Assessment
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b. Strategic Lift Example. A good example of Air Force use of the
Overview Model 1is found in the generation of sortie rates for strategic
1ift aircraft. The capability of the Military Airlift Command (MAC) to
generate strategic lift sorties at current logistics support levels is
estimated jointly by MAC and by HQ USAF using the Overview Model. This
estimate of sortie capability is included in the Joint Strategic Capa-
bilities Plan, from which it is extracted and used in strategic mobility
studies (such as the TRANSMO deployment analysis at CAA).

c. Responsiveness. The Air Force values highly the utility of Overview
for quick turnaround spare parts inventory assessment. The short response
time of Overview is enhanced by its relationship to the Mechanized Item
Requirements Computation System (D041 and DO41A) at AFLC. Overview was
designed to use the D041 data base for its inputs. Since D04l inputs are
collected quarterly by the AFLC, the Air Force has current input data
available for Overview.

d. Operation. The Logistics Concepts Division (AF/LEXY) analysis cell
does the problem formulation for Overview applications and controls the
model's operational variables. The division has been feeding back desired
Overview improvements to the developer for implementation, but also works
on the model in-house.

e. AF Overview Summary. In summary, the Overview Model enables the Aijr
Force to relate the spare parts inventory to the wartime flying hour
requirement for each aircraft system. The Army should be able to use
Overview to do the same for its aircraft.
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CHAPTER 4
ALTERNATIVE METHODOLOGIES EVALUATION

4-1. INTRODUCTION. This chapter provides a review and evaluation of the
models considered as potential methodologies for predicting Army aircraft
parts wartime requirements. The goal in selecting candidate models and
methodologies was to identify and evaluate all those with potential appli-
cation to the problem. Identification of candidate methods was accomplished
through a systematic literature search and contacts with logistics experts.
Four models developed elsewhere and one model developed in-house were ex-

amined. A more detailed discussion of these models is presented in Appendix
cC.

4-2. MODELS SELECTED. The models selected for examination were (1) Over-
view/ARLCAP (Army Logistics Capability), hereafter referred to simply as
Overview; (2) PARCOM (Parts Requirements and Cost Model), a study team con-
cept; (3) SESAME (Selected Essential-item Stockage for Availability Method)
(4) ACIM (Availability Centered Inventory Model); and (5) Dyna-METRIC (Dy-
namic Multi-Echelon Technique for Recoverable Item Control). Overview and
PARCOM are based on one type of methodology; SESAME, ACIM, and Dyna-METRIC
are based on a second.

H

a. Overview and PARCOM Synopsis. Overview and PARCOM are straight-
forward, deterministic, time-stepped simulations in which flyable aircraft
attempt to meet a daily flying hour objective. Expected-value part failure
rates, .based on historical data and stated as a function of flying hours,
are applied to flying aircraft to generate part failures. Wholesale part
stocks, and failed parts, are processed through pipelines which account for
various delay times. The models monitor on a daily basis levels of parts
in each status of availability and determine resulting aircraft availability
rates and the corresponding ability to meet flying requirements.

b. SESAME, ACIM, and Dyna-METRIC Synopsis. SESAME, ACIM, and Dyna-
METRIC are based on an assumed probabilistic distribution for pipeline as-
sets. Using logic related to Palm's Theorem,® the models formulate mathe-
matical expressions for the quantities and arrivals of parts in the pipe-
Tines. Dyna-METRIC differs substantially from SESAME and ACIM in that Dyna-
METRIC has generalized its mathematics to account for the dynamic aspects
of wartime, to include variable daily flying hours, variable daily attri-
tion, and phased deployment of aircraft and parts, while SESAME and ACIM
treat these factors as constant.

c. Why Overview? Overview was selected for examination based on: (1)
promising past experience with the model in the MAX FLY Study performed by
-CAA for ODCSLOG, (2) successful use by USAF, and (3) positive regard from
OASD-MRA&L (Office of the Assistant Secretary of Defense for Manpower,
Reserve Affairs, and Logistics).
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d. Why PARCOM? PARCOM grew out of an attempt by study team members to
independently simulate parts requirements forecasting based on fundamental
principles. The PARCOM effort was pursued: (1) as a means for the study
team to fully understand the concepts used in determining parts require-
ments; (2) as a means of verifying Overview results; and (3) as a way of
_extending capabilities to cover some perceived Overview limitations.

e. Why SESAME? SESAME was selected because it is an established model
developed by the Inventory Research Office (IR0) of the Army Materiel Sys-
tems Analysis Activity (AMSAA) for use in initial provisioning, and because
it has been used by IR0 and the Aviation Systems Command (AVSCOM) in studies
of the broad implications of requirements versus availability. In particu-
lar, SESAME has been employed for war reserve materiel requirement (WRMR)
computations and therefore was considered to be potentially applicable to

the problem in question.

f. Why ACIM? ACIM was brought to the study team's attention in a meet-
ing with CACI, Inc. personnel, who had developed it to meet the general
spares requirements modeling needs of the Navy. ACIM was said to be com-
petitive with models Tike SESAME and Overview and to be superior in its
treatment of several logistics system features.

g. Why Dyna-METRIC? Dyna-METRIC was selected because of its known use
by the Air Force Logistics Command (AFLC) and other USAF logistics elements
for detailed Togistics analysis. However, the position of the model devel-
oper (Rand Corporation) was that while Dyna-METRIC could be used for war-
time spares forecasting, it offered no substantial benefit over Overview.

Rand argued that Dyna-METRIC is probably too high a resolution model for
use by ODCSLOG management--that a more aggregated approach is required.

Furthermore, Rand seemed to prefer a long-term solution in which the whole-
sale requirements and execution system is modified to be consistent with
the adopted headquarters programing and budgeting system.

4-3. EVALUATION CRITERIA. The models described above, when combined with
the existing, in-place processes used by the services to perform their rou-
tine peacetime requirements and execution functions, represent the estab-
1ished methodologies for forecasting parts needs. Overview, PARCOM, SESAME,
ACIM, and Dyna-METRIC were examined from the standpoint of how well they
might support the determination of wartime needs. They were initially
evaluated through comparison of such criteria as their data requirements,
labor requirements, modification needs, output usefulness, measures used,
assumptions, Timitations, perceived value by decisionmakers, and how well
they accounted for some key real-world factors such as variations in de-
ployment, combat intensity, and attrition. As the evaluation progressed,
specific features were seen to be of particular significance. Ultimately,
the following set of 16 specific factors evolved and was used for compara-

tive evaluation purposes.
a. Multiservice User. This factor refers to the degree to which a
model has been accepted for use by various organizations in the Army, Navy
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and Air Force. This degree of acceptance is considered an indication of
the credibility the user community associates with the model.

b. Operational. This factor rates the extent of the model's develop-
ment. Is development of the model completed? Has the model been exercised
sufficiently to identify and correct mistakes? To what degree is the model

written in standard language, and is it transportable to different user's
hardware?

c. Fast Running. This factor evaluates the computer time required to
run an application with the model.

d. Data Availability. This factor refers to the relative difficulty of
obtaining values for the data elements required to describe a problem to
the model for the subject applications. Are currently established data
collection programs sufficient, or will new ones have to be established in
order to implement the model?

e. Variable Flying Hour Program. Flying hour requirements change daily
in wartime. Many peacetime logistics models have not simulated such flex-
ibility in the flying hour program. This factor measures whether the model
allows for direct specification of a variable daily flying hour program.

f. Phased Deployment. This factor recognizes another dynamic parameter
in modeling wartime conditions. Does the model allow for direct specifi-
cation of a phased schedule of deployment of aircraft units and related ASL
and PLL parts stocks throughout the period of the simulated war?

g. Aircraft Attrition. In war, aircraft assets will be lost at variable
rates according to enemy capabilities and the intensity of the conflict.

This factor asks if the model allows for direct specification of either a
variable daily aircraft attrition rate or a variable daily quantity of at-

trited aircraft.

h. Availability Goals. Anticipated daily flying hour requirements,
when considered with maximum daily flying hours per aircraft and the number
of aircraft on hand, dictate a minimum acceptable operational avajlability
rate. It is desirable to achieve higher availability to improve responsive-
ness and readiness. This factor addresses whether the model determines
parts requirements needed to meet a flying hour target only, or can also
attempt to achieve a specified operational availability level.

i. Constrained Budgets. The simplest and most straightforward parts
requirement determination calculates what is needed to fully meet the fleet
flying hour and availability targets assuming unlimited funding. This fac-
tor measures whether the model also provides a capability to determine parts
requirements under the additional (and more realistic) constraint of limited
funding.
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Jj. Probabilistic Answers. Most factors in the logistics process are
variable in nature. Examples are order-ship times, repair times, unit costs,
and attrition rates. This factor addresses the degree to which the model

represents stochastic aspects of the logistics functions by presenting its
results in terms of confidence levels and probabilities of accomplishment.

k. Controlled Substitution. Part substitution becomes a consideration
when an aircraft needs a part which is not available in stock, but could be
obtained by removal from another inoperative aircraft which is awaiting a
different part. The simplest substitution cases to model are the extremes,
where either no substitution or full substitution is allowed. It is much
more complex to represent partial substitution, where substitution of parts
is sometimes allowed and sometimes prohibited (based upon various constraints
such as remove-and-replace time, part type, and geographical proximity of
the aircraft with the part to the aircraft with the need). This factor

measures the extent to which the model plays various policies for part
substitution.

1. Documentation. The degree to which a model is documented internally
(within the code) and externally contributes to the ease and accuracy of
its operation, to the effort required in debugging and enhancing the code,
and to the overall credibility of the model as a tool. This factor is a
measure of the completeness and quality of documentation.

m. In-house. Is the model up and running on the user agency's computer
system, or elsewhere on the same hardware configuration? This factor in-
dicates the effort required to install and certify a model as operational.
Such an effort can be substantial if a model is not written in standard
language, but is tailored to a specific vendor's hardware or some other
user's installation.

n. Multi-indenture. Failure of a major assembly (such as an engine) is
usually attributable to the failure of one or more of its subassemblies.
These subassemblies fail, in turn, because of failure of one or more com-
ponents. This factor indicates the extent to which the model represents
the interrelationship between these major assemblies, subassemblies, and
components and accounts for the associated supply and repair procedures at
each of these so-called "levels of indenture."

0. Multiechelon. The Army aviation logistics and maintenance structure
consists of three echelons; AVUM, AVIM, and depot. This factor indicates
whether the model discretely represents the organizational elements at each
echelon.

p. Maintenance. Parts availability is one requirement for achieving
flyable aircraft; another is availability of maintenance resources. This
factor considers the extent to which the model includes in its calculation
the limited personnel and equipment resources associated with maintenance
activities.
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4-4. DATA REQUIREMENTS

a. Centralized Data Collection. A substantial centralized data collec-
tion effort is required on a continuing basis to support whichever models
are ultimately selected for use. This effort would probably be implemented
best by the establishment of a centralized data base and data collection
system. Currently, each commodity command maintains its own CCSS data base
for parts it manages. While the data base structures are standardized, the
treatment of parts is not. One cannot always trace parts and their per-
formance histories to the applicable weapon system. For example, to AVSCOM
an end item is indeed an aircraft, but to the Communications-Electronics
Command (CECOM) an end item is a radio set. CECOM knows how many demands

there are for radio parts, but cannot ascribe those demands to specific
aircraft types or even to weapon systems.

b. Collection Difficulties. The collection process which was used to
support Overview for the MAX FLY Study, and to support both Overview and
PARCOM for this study, was labor intensive, not automated, and did not in-
clude adequate quality assurance. Some key data elements are not routinely
collected; others are not current.

c. Need for Retail Data. Models which assess aircraft capability as
related to parts requirements must have data which describes the supply,
stockage, repair, failure, and consumption of parts at the unit (retail)
level. DARCOM up until now has not needed to collect this data to fulfill
its wholesale mission, as judged by peacetime wholesale performance meas-
ures. This retail data would be required if the DARCOM Requirements Deter-
mination and Execution System (RDES) were to be reoriented to consider war-
time measures of sustainability and mission performance (cumulative flying
hours).

4-5. CONCLUSIONS
a. Models Evaluation

(1) Comparison Matrix. Figure 4-1 provides a subjective summary of
the evaluation of the five models examined in this study. The figure indi-
cates ratings of good (G), fair (F), or poor (P) for each of the five
models rated against the 16 evaluation factors. The ratings which are
highlighted correspond to evaluation factors considered to be of greater
importance than the others. Evaluation factors marked with one asterisk
were subjectively felt to be of significance to the study purpose (earliest
?ossible implementation of responsive forecasting of wartime requirements).

hose marked with two asterisks were judged of greatest significance.
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Figure 4-1. Models Comparison Matrix

(2) Matrix Results. Overall rankings of the five models are shown in
the last two columns under the heading "rank." Each rank contains two num-
bers separated by a slash. The first number for that model is the total of
the G ratings and the second number is the total of the P ratings. For the
unweighted ranking, ratings for all evaluation factors were counted. For

the weighted ranking, only ratings for evaluation factors considered of
greater importance and marked with one or two asterisks were counted.

(a) The Winners. Based on the criteria shown, PARCOM and Dyna-
METRIC were clear "winners," and Overview a strong second. (Ratings for
Overview refer to the current operational version of Overview at CAA. Sev-
eral enhancements to Overview (see Appendix C) are being considered which
would raise ratings for this model in several categories.)

(b) SESAME AND ACIM. The SESAME and ACIM Models are not considered
viable candidates, since they do not treat dynamic aspects of wartime as
effectively as the other models. Suitable models for estimates of aircraft
fleet wartime capability must consider variable flying intensity, phased
deployment of retail assets (aircraft and ASL/PLL), and variable attrition.
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(c) Dyna-METRIC. The Dyna-METRIC Model was assessed as capable of
providing more detailed answers to a broader spectrum of questions than
does Overview or PARCOM. Study time constraints precluded testing whether
the additional promise of Dyna-METRIC is worth its added complexity. A
test program is needed to more fully assess: (1) the capability of Dyna-
METRIC to do theater-level wartime requirements determination and performance
assessment, and (2) the difficulties involved with providing the necessary
data and executing the model. However, such testing may only be warranted
if the Overview/PARCOM shortfalls are considered critical.

b. Parts Forecasting Methodologies

(1) Detailed Requirements. A major multiyear effort is believed re-
quired to establish a process to accurately and in detail relate the fore-
casting of spare parts requirements to wartime capability and sustainability.
The effort would involve restructuring the current forecasting systems used
at the commodity commands which both generate requirements and execute the
logistics functions (buy and distribute parts and schedule depot repairs).
The DARCOM Requirements Determination and Execution System should be re-
oriented to consider wartime sustainablity and mission performance (cumu-
lative flying hours) in addition to its current peacetime measures of ef-
fectiveness (fill rate and average backorders). The new systems must have
direct knowledge of stockage and repair actions down to the unit level.

(2) Rough Estimate Requirements. An immediate solution is available
for relating, in an approximate manner, a given inventory and repair re-
quirement for existing DARCOM systems to wartime capability. This viable,
demonstrated methodology for responsive determination of gross, wartime -
spare replenishment requirements is the combined use of the Overview Model
and the Parts Requirements and Cost Model (PARCOM). Overview and PARCOM
can be used to provide quick turnaround (about a day) answers to many pert-
inent spares requirement and cost questions (assuming availability of a
prepared data base). In this study a set of test questions, typical of
those the sponsor might have to address, was posed. As shown in the next
chapter, Overview and PARCOM together answered most, though not all, of the
gquestions.

(3) Centralized Modeling Capability. It was a study team perception,
peripheral to the study objectives, that the Army needs a centralized com-
putation and modeling capability to predict aircraft spares for the POM and
to continue methodology improvements. Full-time responsibility should be
established there for maintaining, improving, and executing Overview and

PARCOM. Work on the models should be ongoing, to improve the models and to
uproot errors and inconsistencies in logic and data.

c. Data Requirements

(1) Centralized Collection. A substantial centralized data col-
lection effort is required on a continuing basis to support Overview and
PARCOM. The collection process used to date was labor intensive, not
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automated, and inaccurate in areas. Retail data collection is not
adequate. Much essential data is not directly available. Data which is
available requires considerable preparation for the models.

(2) Nonflying Hour Demands. Spares forecasting for nonflying hour
dependent demands, such as failures due to combat damage, is undefined.

Consideration should be given to the need for generating this data and for
including it in analyses performed with Overview and PARCOM.

]
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CHAPTER 5
OVERVIEW/PARCOM APPLICATIONS AND TEST

5-1. INTRODUCTICN. The basic purpose of the Overview and PARCOM Models
adopted for testing in this study is to generate cost effective mixes of
add-on spare parts needed to permit an aircraft fleet of specified type to
achieve a specified flying program under various cost constraints, part
replacement policies, and aircraft availability objectives.

a. Cost Constraints. The two cost constraint modes are:

(1) Unconstrained Funds, where unlimited funds for procurement of
additional required parts are assumed available.

(2) Constrained Funds, where a funding limit for add-on spares is
set. If unable to meet the flying hour and, possibly, availability ob-
jectives with the limited funds, the models should generate a "best" so-
lution with the funds available.

b. Part Replacement Policies. The two basic part replacement policies
are:*

(1) Full Substitution, where a failed part on an aircraft may be re-
placed by either a spare (if available) or by a serviceable part from a
"not mission capable" (NMC) aircraft (if a spare is not avajlable).

(2) No Substitution, where a failed part on an aircraft may only be
replaced by a spare part.

c. Aircraft Availability Objectives. An aircraft availability objective
is a requirement for a specific minimum aircraft availability on each day
(different days may have different minimum required availabilities). In
this context, aircraft availability = 1 - NMCS, where NMCS = the fraction
of surviving aircraft in "not mission capable supply" status. An aircraft
is in an NMCS status if it is nonoperational because spare parts are needed
but are not available to restore it to serviceability. Specification of
availability objectives is in addition to the flying hour objective. Speci-
fication of a zero availability objective is equivalent to no objective at
all.

*"NMCS = 0" is treated as a third part replacement policy in Appendix D,
but is really a special case of "no substitution” in which aircraft availa-
bility is constrained to be 100 percent.
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d. Overview has a limited capability to meet the above conditions.
PARCOM has a complementary and, generally, wider capability than Overview.
The remainder of this chapter addresses the application capabilities of the
two models and presents some examples demonstrating those capabilities.

5-2. OVERVIEW CAPABILITIES

a. Assessment Capability. Overview simulates the "full substitution,"
unconstrained funds case only. The base case for the Aircraft Spares
application of the Overview Model assesses the AH-1S helicopter with the
current parts inventory in a representative European scenario. The results
of this assessment are displayed in Figure 5-1. The flying hour program
was met through day 72, after which the achieved flying hours fall quite
short of the required flying hours (even though the remaining operable
aircraft are being used 12 hours per aircraft per day). The increase in
achieved flying hours at day 90 is due to the assumed additional arrival of
aircraft which are phased in between day 80 and day 90. In the base case,
81 percent of the cumulative flying hour program goal and a 60 percent
average availability of aircraft are achieved.

2350 =
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Achieved
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Figure 5-1. Required Versus Achieved Flying Hour Program
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b. Requirements Determination

(1) As explained in Appendix C, each iteration of Overview that fails
to meet the flying hour program indicates the most critical part causing
that failure and the gquantity of that part to be added on the next
jteration. To determine total additional parts requirements beyond the
initial inventory for the demonstration case, Overview was cycled
automatically through 16 successive iterations, including appropriate parts
additions, until the flying hour program was met for the entire 120 days of
war. The results are shown in Table 5-1. Iteration 2, for example,
indicates a need for 78 more control amplifiers, the critical part for that
iteration. This addition to the initial war reserve (IWR) increases the
new war reserve (NWR) to 187, which serves as the IWR for that part on
succeeding iterations, unless changed again. The individual unit cost is
$80,592, and the cost of required spares for this iteration is $6,286,176
(Iteration 16 met the flying hour program for 120 days, thus no critical
part is indicated).

Table 5-1. Sample Overview Output - Summary of 16 Iterations

Cost per
Iteration Name IWR | NWR | Added Unit cost iteration
Base Case Stab Cntl Amp 0 109 109 80,592.00 8,784,528.00
1 Hose Assy, Non 0 151 N 32.26 4,871.26
2 Stab Cnt1 Amp 109 187 78 80,592.00 6,286,176.00
3 Hose Assy, Non 151 248 97 32.26 3,129.22
4 Transducer Eng 0 79 79 422.00 33,338.00
5 Battery 0 69 69 657.00 45,333.00
6 Stab Cnt1 Amp 187 227 40 80,592.00 3,223,680.00
7 Transducer 0 76 76 125.00 9,500.00
8 Hose Assy, Non 248 278 30 32.26 967.80
9 Transducer Eng 79 98 19 422.00 8,018.00
10 Battery 69 82 13 657.00 8,541.00
11 Transducer Eng 0 20 20 481.00 9,620.00
12 Stab Cnt1 Amp 227 235 8 80,592.00 644,736.00
13 Transducer 76 82 6 125.00 750.00
14 Hose Assy, Non 278 280 2 32.26 64.52
15 Stab Cntl1 Amp 235 236 1 80,592.00 80,592.00
16 Process Complete

Final total $19,143,844.80

(2) The final total, $19,143,884.80, represents the cost of buying
enough spares to guarantee that the flying hour program is achieved 100
percent of the time. This is a 13 percent increase over the initial
inventory cost. Using cost as the criteria, the dominant critical spare in
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the 16-iteration set is the stability control amplifier. There were 236
added to the initial war reserve at a total cost of $19,019,712. This
represents more than 99 percent of the total expenditure for additional
parts. In addition to being expensive, the stability control amplifier
(SCA) has one of the highest failure rates of the spares being considered.
Furthermore, it must be returned to the depot to be repaired, thus
incurring order ship time (0ST) as well as repair time delays (requirements
for the SCA could be reduced by repairing more at the theater level, if
feasible, or by minimizing depot related delay times, i.e., intensive
management).

(3) Figure 5-2 illustrates the improvement in the percent of the
daily required flying hours achieved after select iterations. For example,
Iteration 3 shows the improvement from Iteration 2, after the addition of
78 stability control amplifiers. However, the improvement is not a uniform
one. There is a 13 percent increase at day 100, a 25 percent increase at
day 105, a 7 percent increase at day 115, and a reversal at day 117. This
illustrates the influence of the failure rates of other spares. Each time
more of the first critical spare is added to the inventory, the number of
days of sustained performance (full meeting of the daily requirement) is
increased. This causes more hours to be flown for that additional period
and larger numbers of other spares to fail than had previously done so,
hence the observed crossover in Figure 5-2. As those other spares are
added, then, the model-determined quantities increase the total hours
achieved but not the sustained performance, and so on until the entire
requirement is met.
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Figure 5-2. Percent Daily Required Flying Hours Achieved
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c. Failure Rate Sensitivity. One of the key data elements requiring
values for input to the model runs is the part failure rate. Considerable
uncertainty exists regarding the validity of these values. A sensitivity
test was performed, therefore, in which a demand rate factor (DRF), defined
as an arbitrary multiplier of the failure rate, was allowed to take on the
values 1 and 2. The results are displayed in Table 5-2. The first itera-
tion with DRF = 2 meets considerably less of the daily and cumulative re-
quired flying hours than does the base case (DRF = 1). In a comparison of
the last iterations, the flying hour program is being met after 16 itera-
tions with DRF = 1; but after 26 iterations it is still not met with
DRF = 2. Even more significant, with DRF = 2 at Teast five times as many
spares are needed at more than three times the cost of DRF = 1.

Table 5-2. Test Run: Demand Rate Factor (DRF)

1st Iteration Last iteration

(Initial inventory) #16 #26

DRF=1 DRF=2 DRF=1 DRF=2

Consecutive days 100% FHP 72 23 120 72
Cumulative FHP flown (%) 81 44 100 87
Additional parts -- -- 798 4,076
(6 types) (11 types)

Cost of additional parts -- -

$19,143,845  $71,752,260

5-3. OVERVIEW ANSWERS TO DEMONSTRATION TEST QUESTIONS

a. Assessment Example. The demonstration test with the Overview Model
addressed the questions posed in Table 1-1. The first group of questions
dealt with the ability of a model to assess the effects of the current
spares inventory on the ability of an aircraft fleet to meet its wartime
flying hour objectives. The results are stated in Table 5-3.

b. Requirements Example. The next group of questions dealt with the
ability of a model to determine wartime spares requirements for an aircraft
fleet. The results are presented in Table 5-4. The six spares which domi-
nated the $19 million of added inventory are shown in Table 5-5. The sta-
bility control amplifier accounted for greater than 99 percent of the $19
million. The constrained dollar, marginal performance, and availability
goal questions from Table 1-1 are not currently addressed by Overview.
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Table 5-3. Current Spares Inventory Effects on Meeting Aircraft Wartime
Flying Hour Objectives, Full Substitution

Consecutive days of wartime flying hour

objective met 72 days
Amount of the cumulative flying hour

objective met 81 percent
Value of initial inventory $146 million

Table 5-4. Wartime Spares Inventory Requirements Based Upon Aircraft
Flying Hour Objectives, Full Substitution

Consecutive days‘of wartime flying hour

objective met 120 days
Amount of the cumulative flying hour

objective met 100 percent
Cost of spares added to inventory $19 million

Increase in cost compared to
current inventory value 13 percent

Table 5-5. Dominant Spares (by cost), Full Substitution

Number Percent of

Part : added cost increase
Stablility control amplifier 236 >99
Hose assembly, nonmetalic 280 < 1
Transducer Engine 1 98 <1
Battery 82 < 1
Transducer 82 < 1
Transducer Engine 2 20 <1
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5-4. OVERVIEW SUMMARY/OBSERVATIONS

a. The Overview Model uses only 22 seconds of CPU time per iteration.
The total time, including all possible output, is about 3 minutes per iter-
ation. The model handles aircraft deployment schedules, attrition, and
variable flying hour programs. Thus the model provides a quick solution to
the question of what spares should be purchased to achieve the FHP goals
for all 120 days of war.

b. Overview's approach to "full substitution" 1imits the interpretations
of its intermediate results. It would be incorrect, for example, to buy
half of all the spares in the 120-day solution in order to provide an answer
for the first 60 days of war. The Overview solution pertains only to an
unconstrained cost criterion for the full period considered--120 days.

c. For each iteration, Overview identifies a single, critical spare
part. For the next jteration the model "buys" the indicated number of the
critical spare part regardless of its cost. Also, the model is very
sensitive to the quality of the input data. For example, the results are
"driven" by the failure rates (demand rates) which are input for each spare
part.

d. The Overview Model estimates the flying hour capability of the Army's
helicopters for a given inventory of spare parts. It simulates the "full
substitution" case and assumes unlimited funds. It does not, however, ad-
dress the cases of "no substitution" or constrained funds. These cases,
and others, are addressed by the PARCOM Model.

5-5. PARCOM CAPABILITIES

a. Assessment Capability. Given a specified wartime flying hour program
objective, PARCOM can assess the number of consecutive (from D-day) days of
100 percent flying program achievement and the fraction of the cumulative
program hours achievable with any starting inventory and a "no substitution®
replacement policy (Assessment Case 1). It can also assess consecutive
days of 100 percent achievement for a "full substitution" policy, but not
the fraction of the program achieved (Assessment Case 2). Case 1 is discus-
sed in this chapter.

b. Requirements Determination

(1) General. Table 5-6 shows the key attributes which define require-
ments cases. The "X" entries under "requirement attributes" denote the
simuTtaneous assignment of conditions for each case. An "X" in the "feasible"
column indicates that the current PARCOM can process that case. A blank
indicates infeasibility, as is the case for all "full substitution” con-
strained funds combinations. The entry in the last column indicates a re-
quirements case number for demonstration/example cases which were completed
and are described in either this chapter (Cases 1 and 6) or in Appendix D.
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The “flying hour objectives" in Table 5-6 are: (a) to maximize the number
of consecutive days (from D-day) with 100 percent daily flying program
achieved and (b) to maximize the fraction of the total cumulative flying
hour program achieved. Clearly, if funds are unconstrained, a spare parts
mix capable of achieving 100 percent of the flying program on all days can
be bought. Therefore, for the four unconstrained fund cases, the two ob-
jectives are simultaneously achieved, as indicated. For cases with con-
strained funds, however, the two objectives may be incompatible, i.e., may
yield different requirements mixes from cost effective application of the
same amount of funds (See Appendix D), hence they are not Tisted together.

Table 5-6. Key Attributes of Requirements Cases

Requirements attributes Case identification
Flying hour objective | Aircraft availability Cost objective Replacement policy
objective
Consecutive | Maximum No Minimum | Unconstrained | Constrained Full No Feasible]|Completed
daily cumulative] specified daily funds « funds substitution|substitution (case
achieved achieved aircraft | aircraft number)
avail- avail-
ability | ability

X X X X X X 1
X X X X X X 2
X X X X X X 3
X X X X X X 4
X X X X X 5
X X X X
X X X X X
X X X X

X X X X X 6

X X X X

X X X X X

X X X X

(2) Conditions Played. The '"no substitution" policy, most represen-
tative of the PARCOM capability, provides a more conservative statement of
requirements than a "full substitution" policy (a form of partial substi-
tution is practiced in reality, but PARCOM has no current capability for
modeling it). A1l demonstration cases are based on a common length of war
(120 days), flying hour program, aircraft deployment schedule, aircraft
attrition results, and spare parts data base. These are from the same sce-
nario used in the earlier Overview analysis.
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5-6. PARCOM ANSWERS TO DEMONSTRATION TEST QUESTIONS

a. Assessment Example. Table 5-7 shows the results of the
demonstration test with Assessment Case 1.

Table 5-7. Capability Assessment of AH-1S Fleet With Current
Spare Inventory, "No Substitution" Policy (Assessment Case 1)

Consecutive daily flying hour program achieved 39 days
Fraction cumulative flying hour program achieved .32
Value of current inventory $146M

(1) Flying Hour Results. Under a "no substitution" policy, the cur-
rent system (AH-1S) spare inventory can fully sustain the postulated war-
time flying program for only the first 39 days (about one-third of the 120-
day program). The table also shows only a third of the total cumulative
flying program to be achievable with current inventory. The first 39 days
comprised approximately 22 percent of the total cumulative flying program.
Therefore, only 13 percent (10/78) of the remaining flying program require-
ment was still achievable (at less than 100 percent daily achievement).

(2) Current Inventory Value. Table 5-7 also shows the value of that
part of the current AH-1S spare inventory that was modeled, as reflected in
the input parts data. This value, and its associated inventory, are used
as a base for assessing add-on requirements and costs. Inventory costs
were computed by accumulating the product of total units stocked and unit
cost as given in the data. The inventory base consisted of 334 AH-1S parts
whose serviceability was deemed essential for operational aircraft status.
Of the 334 part types, 56 had zero failure rates and would, therefore, have
an a priori add-on requirement of zero.

b. Requirements Example
(1) Unconstrained Cost. Tables 5-8 and 5-9 summarize the add-on (re-

lative to current inventory) requirements mix generated by PARCOM for Case
1 of Table 5-6.
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Table 5-8. Wartime Spare Inventory Requirements,
Unconstrained Cost, No Substitution (Requirements Case 1)

Total cost of added spares $43M
Fractional increase in cost compared to current

inventory value .29
Number of part types added 99
Consecutive days of flying hour program achieved 120
Fraction of cumulative flying program achieved 1.00

(a) Adequacy of Current Inventory, by Part Type. Table 5-8 shows
that only 99 of the 334 part types required an add-on. Therefore, current
stocks are sufficient for over two-thirds of the spectrum of input part
types. Both the range and amount of requirements are scenario-dependent;
thus, a longer war and/or a more demanding flying program might well gener-
ate requirements for a larger range of part types.

(b) Shortfall Analysis. Table 5-9 shows that, of the 99 part types
requiring add-on, two account for 88 percent of the total add-on require-
ment cost. In fact, one part, the stability control amplifier, accounts
for 72 percent of total add-on costs. The dominance of these parts is due
largely to their high unit cost ($80,592 per stability control amplifier
and $50,930 per transmission assembly) as well as their failure rates (not
shown in Table 5-9). While two part types (also not shown in Table 5-9)
each had requirements for more than 500 parts, their combined cost impact
was almost insignificant because of their low unit cost ($125 and $32) rel-
ative to the dominant two items. In terms of unit cost, the part types in
Table 5-9 rank among the 20 most expensive, and the two most dominant are
the third and fourth most expensive. Therefore, improving flying program
capability by purchase of additional spares of these dominant part types
would not be desirable if cheaper, alternative ways could be found to
reduce requirements for them. For example, more intensive management or
improved efficiency in repair and processing cycles might reduce require-
ments by shortening the length of the logistics pipeline. In addition,
product improvement programs might reduce requirements by lowering failure
rates. The PARCOM results superficially show the case in which the costs
of correcting capability (flying program) shortfalls are based only on
filling inventory shortfalls (i.e., by buying spares). However, the
results also suggest the need to examine the cost effectiveness of other
ways to meet the flying program objective.
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Table 5-9. Dominant Spares for Requirements Case 1

Part type Number Cost ($M)/percent
required total rgmt

Stability control amplifier 386 30.1/72
Transmission assembly 136 OAG
Hub assembly main rotor 29 ipty/3

Mast assembly 150 0.8/2
Feeder assembly gun 44 0.3k1
Gun control assembly 42 0.3k1

(2) Constrained Cost. Tables 5-10 and 5-11 summarize the add-on re-
quirements mix generated by PARCOM for Case 6 of Table 5-6. A fund Timit
of $10M was assumed. Since this is less than the cost of the unconstrained
dollar solution ($43M from Table 5-8), the flying program objective cannot
be met. However, PARCOM applies the available funds heuristically to seek
the most productive (in terms of achievable program flying hours)
affordable spares mix. The results can be compared with those of
Requirements Case 1 in terms of improvement in flying hour program
capability (relative to current inventory) and in solution parts mix
composition.

Table 5-10. Wartime Spare Inventory Requirements, Constrained
Cost ($10M), No Substitution (Requirements Case 6)

Total cost of added spares $10M

Fractional increase in cost compared to current .07
inventory value

Number of part types added 98

Consecutive days of flying hour program achieved 69

Fraction of cumulative flying program achieved /G
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Table 5-11. Dominant Spares for Requirements Case 6

Part type Number Cost ($M)/percent
required total rgmt
Transmission assembly 98 5.0/50
Hub assembly main rotor 29 1.1/11
Mast assembly 150 0.8/8
Feeder assembly gun 44 0.3/3
Gun control assembly 42 0.3/3
Transducer engine #1 456 0.2/2

(a) Flying Hour Capability. Relative to current inventory capabil-
ity (Table 5-7), the constrained cost solution sustains the daily flying
program almost 75 percent longer and more than doubles the achievable frac-
tion of the cumulative flying hour program. While a single case is
informative, the constrained cost capability of PARCOM is most effectively
exercised by generating a series of results describing the improvement in
achievable flying hours as the fund 1imit is increased. Such results are
described in Appendix D. It shows that half of the flying hour capability
shortfall, in terms of fraction cumulative flying hours achieved, could be
eliminated by the first seven percent ($3M) of the total associated dollar
shortfall ($43M in Table 5-8). Diminishing returns apply because con-
strained funds are usually most cost-effectively spent if used first to
fill inventory shortfalls (relative to requirements with unconstrained
costs) for the part types with lowest unit cost. As dollars are spent in
this way, the marginal cost to fill a shortfall (and gain increased flying
capability) becomes larger and larger.

(b) Required Spares. Table 5-11 shows the dominant required spares
and their cost relative to the total allowed cost. Relative to the uncon-
strained case (Table 5-9), there are two key differences.

1. There are no stability control amplifiers in the constrained
cost solution.

2. Only 98 of the 136 transmission assemblies needed for the full
requirement were bought. Basically, the $10M was used to buy as many items
(over all part types) of the unconstrained cost solution as possible. Of
the 99 part types with add-on requirements in the unconstrained cost solu-
tion, the Case 6 solution buys 97 of them (the "cheapest" 97 types) to the
Case 1 levels. This approach applies only to cases using a "no
substitution" policy.
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(c) Shortfall Analysis. PARCOM, in the constrained cost mode,
could be used to compare improvements in flying hour program capability
from applying a fixed number of dollars, C, to "pipeline/failure rate
improvement" as opposed to "buying spares.” The capability with a
qualitatively improved current inventory would be compared to the
capability resulting from the constrained cost solution obtained by using
the C dollars to efficiently "buy spares.”

5-7. PARCOM SUMMARY/OBSERVATIONS

a. Potential for Comparative Analyses. The preceding demonstration
test questions and answers illustrate specific application cases. In a
general sense, the solution mixes generated by PARCOM should not be treated
as literal "shopping lists" for spares purchases, but as tools for guiding
the logistics budget planner to potential problem areas. In terms of com-
parative analyses, PARCOM output, as demonstrated above, includes:

(1) Analysis of Inventory Shortfalls. PARCOM can assess spares
inventory shortfalls relative to (least cost) levels needed to achieve a
specified flying hour program (with a specified minimum aircraft
availability). The magnitude of add-on requirement costs and amounts for
individual part types indicates problem areas where current inventory falls
short of requirements. Also, analysis of the relative requirements for
different part types can reveal components for which product improvement
programs can have a high payoff in terms of "saved" spares investment
dollars. Related improvement programs could include reductions in item
failure rates and/or repair cycle time.

(2) Analysis of Cost Versus Capability. For a "no substitution" part
replacement policy, PARCOM can determine the "best" buyable capability (in
terms of program flying hours) which can be obtained from expenditure of a
specified amount of budget dollars for add-on spares. Evaluation of parts
requirements lists associated with a given budget amount can guide a
planner to the subset of part types which will yield especially high
returns per dollars invested.

(3) Analysis of Sustainability Costs. As a side product, PARCOM de-
termines the (least) add-on spares cost to sustain a flying program through
any day of the war. The number of days sustainable (i.e., 100 percent
flying program) by current inventory is equal to the maximum number of days
for which sustainability cost is zero.

b. Caveats and Limitations. The principal caveats and limitations on
the PARCOM Model, as applied in the study, are noted below. Program
modification and/or restructuring is required to extend model capabilities
beyond the cited limits. Each limitation will be briefly discussed or
defined.

(1) Number of Part Types Processed. The PARCOM Model version demon-
strated herein can process at most 300 different part types. Structured
modification of the program can significantly increasé this capacity.
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(2) No "Partial Substitution”. PARCOM currently processes only "full
substitution,”" "no substitution," and "NCMCS = Q" policies. There is no
definitive logic yet for a "partial substitution" policy. In Tight of
underlying data and process uncertainties, the bounds of costs and amounts
reflected in the "no substitution" and "full substitution" solutions may
well be sufficient.

(3) No "Full Substitution" Constrained Cost Solution. Additional
programing effort might enable a "full substitution” constrained cost solu-
tion. However, methodological complications/complexities may restrict the
degree of optimality (best buy for the dollar) obtained.

(4) Only Two Centralized Supply Levels. PARCOM shares the Overview
Model "world view" of a retail level and a wholesale level. Each level has
full cross-leveling (Tlateral transferability of parts).

(5) No Indenture Levels. Part types in the PARCOM (and Overview)
data base are non-overlapping modular units, i.e., no part is a
subcomponent of another listed part type. Therefore, the failures and
repair of parts are independent of each other. Use of indentured data is
not processable in PARCOM.

(6) No Direct Maintenance Modeling. As with Overview, PARCOM treats
maintenance only indirectly, by incorporation in the repair time or by
using an aircraft deployment/attrition data base which is adjusted for
aircraft down ("lost") due to maintenance constraints. Such adjustments
could be based on results of a separate high resolution simulation model
(e.g., TARMS) which previously processed a "slice" of the scenario.

(7) No Stochastic Results. A1l PARCOM results are “"expected value."
Neither input nor results have variable probabilistic aspects (e.g.,
confidence levels). Safety levels would have to be treated separately as
an addon to PARCOM quantities. However, use of expected values is
meaningful for comparisons and parametric evaluations. Methodology for
incorporating stochastic considerations into PARCOM would be complex.
Conversion of the model into a stochastic simulation could entail high risk
for an uncertain payoff.
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CHAPTER 6
FINDINGS AND RECOMMENDATIONS

6-1. GENERAL

a. Purpose. The Aijrcraft Spares Study was conducted to provide ODCSLOG
with an analytical tool for estimating wartime spares requirements and
costs for use in POM development, and for responsively (within about a day)
answering related questions. The desired methodology was to relate spares
requirements to combat flying hour and aircraft availability objectives,
subject to least-cost or specified cost constraints.

b. Approach. Meeting the study purpose entailed a straightforward ap-
proach, from examination of current methodologies, to identification of new
or improved methodologies, to selection and demonstration testing of the
preferred methods. Both Army and Air Force current methodologies were re-
viewed. Several models--Overview, SESAME, ACIM, and Dyna-METRIC--were de-
termined to have possible applicability. Need was also seen, and the
requirement met, for developing an additional model, - PARCOM, in house.
Having been designed primarily for capability assessment, Overview was
modified to accomplish automated requirements determination. PARCOM was
designed both to validate Overview and to address some of the latter's
limitations for modeling "no substitution" and constrained cost problems.
A1l five models were evaluated, and two--Overview and PARCOM--subjected to
demonstration tests. The findings of the study are set forth in paragraph
6-2 and the recommendations in paragraph 6-3.

6-2. FINDINGS

a. Current Methodologies

(1) Many models and computer-assisted methodologies contribute to the
spares determination processes of the services.

(2) Some key questions that influence the selection of a spares re-
quirements methodology are whether the requirements to be determined are
principally for peacetime or war, initial provisioning or replenishment,
fill-rate goals or systems availability goals, retail or wholesale levels,
and planning or procurement purposes.

(3) Current Army spares methodology lacks gquick response capability
for estimating funding effects on readiness and sustainability and does not

address weapons system availability objectives (except, recently, for ap-

p]icat;on of the SESAME Model to initial provisioning and combat ASL/PLL
levels).
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(4) The Air Force spares forecasting methodology suffers similar
shortcomings (cumbersome, fragmented, and fill-rate based) to those of the
Army. While the Air Force is undertaking fixes to address these problems,

when rapid response is required to answer program and budget questions,
Overview 1is used.

b. Alternative Methodologies
(1) Models Selected - Overview and PARCOM

(a) General. A viable, demonstrated methodology for responsive
determination of gross, wartime spare replenishment requirements is the
combined usage of the Overview and PARCOM Models (Overview was developed on
contract for the Air Force, modified by the contractor for the Army's MAX
FLY Study, and then modified further, by CAA, for this study. PARCOM was
developed by CAA for this study). Overview and PARCOM can be used to
provide quick turnaround (about a day) answers to many pertinent spares
requirement and cost questions, assuming availability of a prepared data
base. In this study a set of test questions, typical of those the sponsor
might have to address, was posed. Overview and PARCOM together satisfac-
torily answered most, though not all, of the questions.

(b) Overview and PARCOM Capabilities

1. Assessment Mode. Both models yield flying hour and avail-
ability achieved; Overview for "full substitution" and PARCOM for "no
substitution." PARCOM can also assess days of FHP sustainability for "full
substitution."

2. Requirements Mode

a. Both models determine wartime parts and costs required, and
associated fleet availability, to meet a theater flying hour objective.
PARCOM does it for all three replacement policies ("full substitution," "no
substitution," and "NMCS = 0"), Overview for "full substitution" on]y.
Overview and PARCOM both do it for specified aircraft arrivals and for
variable attrition. PARCOM assumes all parts are in theater at the
beginning of the war, Overview schedules parts arrival over time. With
expected aircraft deployment schedules and inventories, this difference is
less Tikely to affect "full substitution" simulation results than "no
substitution" results (where days of sustainability with current inventory
is much less than with "full substitution").

b. Only PARCOM provides parts requirements for constrained
funding cases; however, it does so for "no substitution" only. Both models
may be used manually to give good, but probably not optimum, mixes for
constrained funding, "full substitution" cases.
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(c) Overview and PARCOM Limitations

1. Overview does not treat constrained funding problems, "no" or
"partial substitution" parts replacement policies, or system availability
goals.

2. PARCOM does not address constrained funding problems for "full
substitution" nor does it address "partial substitution" policies. While
operable at CAA, PARCOM needs more documentation to allow jts transfer to
another site.

3. Neither model can represent more than two levels of stockage
and repair nor more than one level of indenture. The models cannot
directly represent the effects of queuing associated with maintenance
surges and maintenance personnel shortages. Also, they are not designed to
address parts demands generated by factors other than flying
hour-associated failure rates. Neither model treats chance variations and
associated confidence and safety levels. Both models produce "expected
value" results.

(2) Models Not Selected - SESAME, ACIM, and Dyna-METRIC

(a) SESAME and ACIM do not directly address variable flying hour
requirements, phased deployment of aircraft and spares, and aircraft attri-

tion. They were therefore judged less appropriate for wartime spares fore-
casting than the other models considered.

(b) Dyna-METRIC appears capable of more detailed answers to a
broader spectrum of questions than Overview and PARCOM, but may also have
problems with theater level representation. Testing Dyna-METRIC would
permit a more definitive evaluation, but is only warranted if the
Overview/PARCOM shortfalls are deemed critical by the sponsor. The study
team does not view these Timitations as critical to the study's purpose.

(3) Data Problems. Retail data collection is not adequate to support
wartime spares forecasting methodologies based on flying hour and readiness
requirements. The data collection process is labor intensive and slow, and
the results are of questionable accuracy. Much essential data is
unavailable. The available data requires considerable reformatting for
modeling. Also, a better understanding of, and sources for, failure data
not related to flying hours (for example, combat damage data) is required.

c. Parts Replacement Policies

(1) Overview and PARCOM together address the bounding conditions of
parts requirements determination--"full" and "no substitution."™ "Full sub-
stitution" is an optimistic policy, especially when applied as if the
theater had a single pot of aircraft and parts. Those parts for which a
requirement
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is indicated under this assumption are indeed critically short and the rea-
. sons for those shortages should be addressed. "No substitution" is a con-
servative, worst case replacement policy. It assumes that parts must always

be purchased to satisfy shortfalls and may never be removed from another,
inoperable aircraft. While neither of the above models addresses safety

levels, the "no substitution” policy provides a safety level of sorts, since
some substitution will usually take place.

(2) Under a "no substitution" policy, the demonstration tests showed
an, initial small expenditure on spares to yield substantial FHP improvement.
This is because the cheapest parts are purchased first, and each purchased
part (of any type) prevents an aircraft from being NMCS due to a lack of
that part.

(3) For "full substitution,” the most critical part (the one causing
the most aircraft down) must be purchased first, no matter what its cost,
until it and another part become equally critical. Then both are bought
until another part joins that category (or until funds run out), and so
forth. With any current inventory, "full substitution" starts from a higher
performance base (days of FHP sustainability or cumulative FHP achievement)
than does "no substutition," but usually improves less rapidly with expend-
itures since the cheapest parts are not necessarily bought first, and several
parts may be required to prevent an aircraft from becoming NMCS.

(4) As the availability requirement approaches 1.0 (NMCS = 0), "full"
and "no substitution" requirements become equal, since the "full substitu-
tion" pool of NMCS aircraft from which parts may be drawn approaches zero.

d. Other Findings. Not central to achievement of the study purpose,
but still of interest, were the following:

(1) In the test cases run, it was noted that parts required to meet
wartime FHP were high demand rate parts sent back to depot for repair.
Order/ship and repair times at depot were key problems. Requirements for
these parts would be reduced by fixing more of them in theater, if practic-

able, or by cutting depot delay times through, say, intensive management.

(2) Aircraft availability goals are not as useful for determining
spare requirements for war as they are for peace. Relatively constant in
peace, availability is dynamic in war, depending on flying hour
requirements, attrition, and parts and aircraft deployment schedules.
Wartime spares forecasting should be based on predicted mission

requirements for specified numbers of flyable aircraft and not on aircraft
availability, since, then, the on-hand aircraft must also be known.
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6-3. RECOMMENDATIONS. In consideration of the reported findings, it is
recommended that:

a. ODCSLOG implement Overview now to provide quick reaction aircraft
spares stockage assessment and requirements forecasting for wartime.

b. CAA fully document PARCOM and assure its transportability to allow
its earliest possible use along with Overview.

c. ODCSLOG assign an organization responsibility for improving, main-
taining, and operating Overview and PARCOM, to include:

(1) Uprooting errors and inconsistencies in logic and data.
(2) Eliminating key shortfalls.

d. The Army establish a centralized data base and collection system to
provide timely and accurate data for the selected methodologies.
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APPENDIX B
STUDY DIRECTIVE

DEPARTMENT OF THE ARMY
OFFICE OF THE DEPUTY CHIEF OF STAFF FOR LOGISTICS
WASHINGTON, D.C. 20310

8.1 AUG 1382

SUBJECT: Aircraft Spare Stockage Methodology (Aircraft Spares) Study

Director

US Army Concepts Analysis Agency
8120 Woodmont Avenue

Bethesda, MD 20814

1. PURPOSE OF DIRECTIVE. This directive establishes objectives and
provides guidance for conduct of the Aircraft Spare Stockage Methodology
(Aircraft Spares) Study.

2. BACKGROUND. The Army has no.methodology directly relating required
aircraft spare parts stockage levels to combat readiness and flying hour
capability. Spare parts requirements are computed based on historical
wholesale demands, projected peacetime flying hour levels, and various
anticipated lead times and safety levels. To more realistically predict
wartime spare parts requirements and to better justify budget requests
for spare parts procurement, the Army needs a methodology defining the
effects of variations in spare parts availability on the force's abilty
to meet daily flying hour requirements throughout a conflict.

3. STUDY SPONSOR AND STUDY SPONSOR'S DIRECTOR. Office of the Deputy
Chief of Staff for Logistics, Avdation Logistics Office (DALO-AV).

4. STUDY AGENCY. US Army Concepts Analysis Agency (CAA).
5. TERMS OF REFERENCE

a. Scope

(1) This study will focus on aircraft spare parts. It will de-
velop candidate methodologies and contributive factors for computation
of aircraft spare parts reguirements which will provide a clearer pic-
ture of the relationship of resources to readiness and capability. Com-
plete evaluation of candidate methodologies and selection of a solution
will require a subsequent effort.

. (2) These candidate methodologies may also serve as the basis for
changes to the current Army resource management process which should
further enhance readiness and supply availability.

(3) The study will focus on the AH-1S helicopter in order to com-
pare and evaluate candidate methodologies.
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b. Objectives

(i) Analyze and evaluate the current methodology for forecasting
aircraft spare parts requirements.

(2) Develop predictive methodologies to compute total aircraft
spare parts requirements in relation to readiness and flying hour objec-
tives.

(3) Provide demonstration computer runs and/or analytical computa-
tions, as appropriate, to illustrate the possible methodologies.

c. Timeframe. FY 84-88.
d. Assumptions
(1) A1l units considered will be configured as currently fielded
to include equipment, personnel, maintenance facilities, and prescribed

load Tist/authorized stockage list (PLL/ASL).

(2) In-theater logistic support operations will be conducted as
described in FM 100-16, Support Operations: Echelons Above Corps.

e. Essential Elements of Analysis (EEA)

(1) What is the current methodology for forecasting aircraft spare
parts requirements?

(2) How well do current methods predict aircraft spare parts
requirements?

(3) At what locations or in which types of units are parts cur-
rently stored? :

(4) What alternative modeling approaches have potential for
improving the prediction of spare parts requirements?

(5) What alternative analytical solution methods have potential
for improving the prediction of spare parts requirements?

(6) What are the types of data required for each potential predic-
tive methodology?

(7) Is required data readily available for use?
(8) If data is not readily available, how can it be collected?
(9) What procedure should be used to evaluate the alternative pre-

dictive methodologies and select the one most suited to the Army's
needs. :
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f. Enviromental and Threat Guidance

(1) Existing studies of wartime attrition of aircraft will be
used. An updated threat is not required.

(2) No environmental consequences are envisioned; however, the
study agency is required to surface and address any environmental con-
siderations that develop in the course of the study effort.

6. RESPONSIBILITIES
a. DARCOM will provide technical data.

b. TSARCOM will provide detailed information on aircraft spares.

c. US Army Transportation Center will provide information on mainte-
nance and repair, '

d. US Army Aviation School and Center will provide data regarding
employment of aviation resources as required.

e. US Army Logistics Center will provide logistics and maintenance
data as required,

f. TRADOC will provide input and assistance as later defined.

g. CAA will provide study team and computer time; conduct literature
search; and conduct and publish the study.

h. HODA, ODCSLOG will provide study monitorship, establish a Study
Advisory Group (SAG), and provide support for contractual effort to
enhance the Overview Model.

i. AMSAA, Inventory Research Office will provide assistance in com-
paring and validating models.

7. LITERATURE SEARCH

a. DTIC. Defense Technical Information Center (DTIC) search will be
conducted.

b. Related Studijes

(1) Maximizing Daily Helicopter Flying Hours Study (MAX FLY
Study).

(2) Wartime Requirements for Ammunition and Materiel for the Pro-
gram Force 1988, Europe (P88E).
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(3) Wartime Requirements for Ammunition and Materiel for the Pro-
gram Force 1986 (P86E).

(4) Army Force Planning Data and Assumptions (AFPDA).

(5) Apache, Black Hawk, and Chinook Helicopter Self-Deployment
Cost and Benefit Study (ABCD).

(6) Cobra/Black Hawk in Support of the RDF Study.
8. REFERENCES. To be published with the study plan.
9. ADMINISTRATION

a. Support. Funds for travel, per diem, and overtime will be pro-
vided by the parent organization of each participant.

b. Milestone Schedule

(1) Initial results will be provided to DA by December 1983 with a
final report provided no later than February 1984,

(2) Other milestones will be identified in the study plan.

¢. Control Procedures

(1) 0DCSLOG will establish a SAG. Members will include represen-
tatives from the following agencies or staffs:

(a) 0DCSOPS AND ODCSRDA
(b) HQ, DARCOM
(c) TSARCOM
(d) HQ, TRADOC
(e) USA Aviation Center
(f) USA Transportation Center
{g) USA Logistics Center
(2) CAA will prepare and submit DD Form 1498 to DTIC.

d. Coordination and Other Communications. CAA is authorized direct
coordination with all organizations listed in paragraph 6.
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10. COORDINATION. This tasking directive has been coordinated with CAA
in accordance with procedures contained in AR 10-38,

FOR THE DEPUTY CHIEF OF STAFF FOR LOGISTICS:

JOSEPH P. CRIBBINS

Special Assistant to the Deputy
Chief of Staff for Logistics

B-5



CAA-SR-84-12
APPENDIX C
MODEL AND DATA DESCRIPTIONS

C-1. INTRODUCTION. This appendix presents historical and descriptive in-
formation on each of the five models studied--Overview, PARCOM, SESAME,
ACIM, and Dyna-METRIC. No dedicated attempt is made to provide parallel
topics and treatment, since the level of interest in and areas of concern
with each model were different. The appendix also reviews some of the data
requirements of the two models (Overview and PARCOM) tested in the study.

C-2. OVERVIEW

a. Introduction

(1) Air Force Use. The Overview Model was developed by Synergy, Inc.
for the Air Force. As pointed out in Chapter 3, it enables the Air Force
to rapidly determine, for planning and budgeting purposes, the operational
performance impacts of logistics resource changes by relating spare parts
and dollars to sorties flown. The model was intended primarily for
response to DOD and Congressional staff logistics inquiries but has been
adapted since to a variety of Air Force programing and capability
assessment tasks.

(2) Army Use. In FY 83, Synergy modified the Overview Model to adagt
it for its initial Army use in the ODCSLOG-sponsored CAA MAX FLY Study.6a
This model adaptation was encouraged and sponsored by OASD(MRA&L) under
contract MDA 903-82-C-0243. In the MAX FLY Study, Overview provided daily
and cumulative flying hours achieved for a given starting inventory as well
as the daily percent of aircraft which were "not mission capable supply"
(NMCS). It indicated the critical spare part (the spare causing the
largest number of unavailable aircraft) for each day of the war. After
each run, the analysts manually determined which spare was the most
critical (for the entire run) and estimated the number of that spare that
would be added in an attempt to meet the flying hour goals. The war
reserve level of the selected spare was changed in the data base to reflect
the required addition. The model was rerun, and the process repeated,
until the flying hour goals were met. The MAX FLY Study showed Overview to
be a potentially valuable tool but, at the same time, identified several
limitations in its current form, the principal one being the need for
manual preparation of successive iterations to determine parts
requirements.
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(3) Aircraft Spares Enhancement

(a) Automated Iterative Run Process. For the Aircraft Spares
Study, an automated iterative run process was designed. The critical day
is determined as the one on which the number of aircraft shortages is
highest. The critical spare for that day is identified, and the number of
spares to be added is calculated (number of spares to be added = number of
aircraft shortages on the critical day x the quantity per aircraft of the
critical spare, as required by Overview's "full substitution" assumption).
This information is transferred to a file which contains edit commands,
thus enabling the data base to be edited without the analysts' assistance.
The runstream continues to execute the model and update the data base until
the 100 percent flying hour goal is achieved. With the last jteration, a
chart is created and printed providing a record of the parts and costs
required.

(b) Additional Output Provided. The Overview output content and
format were also improved. For an individual run, the following additional
information is now provided directly: the cumulative flying hours
required, the percent required cumulative flying hours achieved, the daily
aircraft availability, the average availability (for that iteration), the
number of consecutive days the required flying hour program is met, the
critical day of the war, the critical spare for that day, the number of
aircraft shortages for that day, the number of spares which should be added
to proceed toward the flying hour goals, and the resulting cost of such
additions.

b. Logic and Parts Flow

(1) Figure C-1 is a schematic which illustrates the underlying
assumptions and logic of Overview. It shows serviceable and unserviceable
spare parts bins in both the US and Europe. The bins in the US represent
the inventory of helicopter spare parts maintained at the wholesale level.
Within Overview, it is assumed that there is one depot at which all the
spare parts at the wholesale level of maintenance are stored. The spare
parts contained in the serviceable bin are those which are ready for use,
while those in the unserviceable bin are either in the process of being
repaired or waiting to be repaired.
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(2) The two bins shown in Europe represent the sum of all the retail
spare parts in Europe other than the prepositioned war reserves. This re-
flects the assumption made within the model that one large maintenance shop
exists at the retail level. The model does not distinguish between repairs
made at the aviation unit maintenance (AVUM) shops and those performed at
aviation intermediate maintenance (AVIM) shops. The serviceable and un-
serviceable spare parts bins at the large retail maintenance shop, the
AVIM/AVUM, have interpretations similar to those of the depot. These con-
tain the serviceable and unserviceable spare parts of the authorized stock-
age lists (ASL) and prescribed load lists (PLL) of all aviation units based
in Europe.

(3) At the outset of a hypothetical war in Europe, the serviceable
prepositioned war reserves, represented by the circle above the AVIM/AVUM,
are placed in the serviceable spare parts bin at the AVIM/AVUM.* These
spare parts are immediately available for use on aircraft located in the
theater. After some time lag, specified by the user of Overview, the spare
parts in the serviceable inventory at the depot arrive in Europe and are
placed in the serviceable spare parts bin at the AVIM/AVUM. The box above
and to the right of the AVIM/AVUM represents the battlefield. At the
beginning of the conflict, all of the aircraft stationed in the theater are
assumed to be flyable and begin flying according to a wartime flying pro-
gram supplied by the user. The flying program contains both the hours re-
quired of the flyable helicopters and attrition rates for various periods
of the war.

(4) The helicopter units stationed in Europe will be reinforced by
units stationed in the US in peacetime. These US-based units appear in
Europe on the day of the war on which they are scheduled to arrive.
Associated with each of the helicopter units is a group of spare parts
which represents either a PLL or an ASL, depending on the nature of the
unit. In either case, when a helicopter unit is deployed to Europe, its
spare parts are also deployed and are deposited in the serviceable spare
parts bin at the AVIM/AVUM. The newly arrived aircraft are assumed to be
immediately available to help meet the mission requirements set forth in
the wartime flying program.

*Those war reserve spare parts which are in an unserviceable condition
at the start of the war (circle to the left of the AVIM/AVUM) are added to
the unserviceable bin at the AVIM/AVUM if they can be repaired at the
retail level. Those that cannot be fixed in the theater will be placed in
the depot unserviceable bin after a lag. This lag is intended to represent
the ship time between Europe and the US.
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(5) During the simulation, the aircraft in action in the theater will
suffer.parts failures. The specific parts which fail will be determined by
the failure rates for the parts which compose the aircraft. When a part
fails, the model will check to see if there is a replacement available
within the serviceable spare parts inventory at the AVIM/AVUM. If there is
an available replacement, it will be applied to the aircraft which needs it
and that aircraft will immediately become mission capable. If a
replacement is not to be found in the serviceable bin, the helicopter with
the failed part will be incapable of flying. It will be "not mission
capable" (NMC) until a unit of the needed spare part appears in the
serviceable bin.*

(6) The disposal of a failed part will depend on its retail condem-
nation percentage, its depot condemnation percentage, and its "not repair-
able this station" (NRTS) rate. The retail and depot condemnation percent-
ages indicate the percentage of failed units for a particular spare part
which are discarded at the AVIM/AVUM and depot, respectively.** The NRTS
rate denotes the percentage of failed units for a particular part which
cannot be repaired at a retail maintenance shop and are shipped to the
depot. ;

(7) Within the Overview Model, parts are assumed to be perfectly
divisible. When a part fails, a fraction equal to its retail condemnation
percentage will be removed from the simulation. The remainder will be sent
to be repaired at the retail maintenance shop, the depot, or some combi-
nation of the two, depending on the NRTS rate of the part. If the NRTS
rate of the part is zero, the portion of the helicopter part which was not
condemned will be placed in the unserviceable spare parts inventory at the
AVIM/AVUM. After a number of days, equal to the AVIM/AVUM repair time for
the part, the remaining fraction of the part will move from the
unserviceable spare parts bin to the serviceable spare parts bin. At this
point, the fractional part is ready to be combined with another fractional
part in the serviceable spare parts bin to form a complete unit which may
be applied to a helicopter.

(8) The uncondemned portion of parts with NRTS rates of one will be
sent back to the US to be repaired. There, a fraction equal to the depot
condemnation percentage will be subtracted and removed from the simulation.
After a time lag, equal to the ship time, these fractional parts will

*In Overview that part may come either from the repair and supply
system pipeline or from another aircraft that may be down due to the lack
of a different part.

**These failed parts are discarded because they are either impossible or
impractical to repair.
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appear in the unserviceable spare parts inventory at the depot. Following
another lag, equal to the depot repair time for the failed part, the frac-
tional part will be transferred to the depot serviceable spares bin before
being shipped back to the theater.

(9) Some parts have NRTS rates that fall between zero and one. When
one of these parts fails, a fraction equal to its retail condemnation per-
centage is discarded. A portion of the remainder equal to the NRTS rate of
the part will be sent to the depot and the rest will be repaired at the
AVIM/AVUM maintenance shop. Once again, a fraction of that which was sent
to the depot will be condemned. This fraction is the depot condemnation
percentage.

(10) The two bins at the bottom of Figure C-1 represent the two groups
of condemned parts, retail and depot condemnations. These parts are
removed from the simulation. Another way that parts leave the simulation
is through aircraft attrition. When an aircraft is shot down, it is
assumed that all of its parts are Tost. Attrition of the logistics system
is not modeled.

(11) Given a force structure, a schedule of phased deployment of heli-
copters, an initial inventory of helicopter spare parts, and the flow of
these parts described above, the model computes the number of flying hours
that may be accomplished during the simulated war. A1l of the information
required by the model to generate its estimates of mission capability are
stored in three computer files--the parts data base, the force file, and
the flying program file.

c. Data Requirements

(1) Data Base. The parts data base contains logistics data by
national stock number (NSN) for each helicopter part included in the Over-
view Model run. Data elements include unit repair costs and purchase
prices, inventory levels, failure rates, repair times, and condemnation
rates. Table C-1 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>